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A D VERT I S EM EN T. 

P Jrt of tie enfuing Difcourfe about Light wm written 
at the de/ire offome Gentlemen of the Royal Society 
in the Tear 1675. and then fent to their Secretary , and 
read at their Meetings, and the reft was added about 
Twelve Tears after to complete the Theory ; except the 
Third Book , and the laft Propofttion of the Second, which 
were (ince put together out of jcattered Papers. To avoid 
being engaged . in Difputes about thefe JMaitey s, I have 
hitherto delayed the Printing, and jhould ftill have de- 
layed it, had not the importunity of Friends prevailed upon 
me. If any other Papers writ on this Subject are got out 
of my Hands they are imperfect, and were perhaps written 
before I had tried all the Experiments here jet down, 
and fully fatisfiedmy f elf about the Laws of Ref r actions 
and Composition of Colours . I have here Publijhed what 
1 think proper to come abroad, wifhing that it may not be 
Tranjlated into another Language without my Confent. 

The Crowns of Colours, which fometimes appear about 
the Sun and Moon, I have endeavoured to give an Ac- 
count of; but for want of fufficient Obfervations leave that 
Matter to be further examined. The Subject of the Third 
Book I have alfo left imperfect, not having tried all the 

Expe - 



Experiments which I intended when I was about thefe 
Matters , nor repeated fame of thofe which I did try , until 
I had fatisfied my j elf about all their Circumftances. To 
communicate what I have tried , and leave the reft to 
others for further Enquiry , is all my Defign in publijhmg 
thefe Papers . 

In a Letter written toMr.Ldbmtz in the Tear x6j6. 
and publtfhed by Dr. Wallis, I mentioned a Method by 
which I had found fame general Theorems about fquaring 
Curvilinear Figures , or comparing them with the Conk 
Sections , or other the fimplefl Figures with which they may 
be compared . And fome Tears ago I lent out a MamfcripX 
containing fuch Theorems, and having fine e met with fome 
Things copied out of it, I have on this Occafion made it 
publick, prefixing to it an Introduction and fubjoyning a 
Scholium concerning that Method. And I have joined 
with it another fmall Traci concerning the Curvilinear 
Figures of the Second Kind, which was alfo written 
many Tears ago , and made known to fome Friends , who 
have foliated the making it publick 
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^ The FIRST BOOK 

OPTICKS. 



part I. 



M Y Defign in this Book is not to explain the Pro- 
perties of Light by Hypothefes, but to propofe 
and prove them by Reafon and Experiments : 
In order to which , I (hall premife the following Defini- 
tions and Axioms. 

DEFINITIONS. 

DEFIN. I. 

B y the (pays of Light I under jland its leap Parts , and thoje 
as mttSuccefflVe in the fame Lines as Contemporary in fe- 
deral Lines. For it is manifeft that Light confifts of parts 
both Sncceflive and Contemporary $ becaufe in the fame 
place you may flop that which comes one moment , and 
let pafs that which comes prefently after 3 and in the fame 
time you may ftop it in any one place., and let it pafs in 
any other. For that part of Light which is ftopt cannot 
be the fame with that which is let pafs. The leaft Light 
or part of Light , which may be ftopt alone without the 
reft of the Light, or propagated alone, or do or fuffer any 
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thing alone, which the reft of the Light doth not or filt- 
ers not, I call a Ray of Light, 

DEFIN. II. 

Bpfrangibility of the ^nys of Light, is their Difpofition to he 
refraBed or turned out of their Way in puffing out of one tranf- 
parent (Body or 'Medium into another. And a greater or lefs 
frangihdity of ^ays, is their Bifpofltion to he turned more or lefs 
out of their Way in like Incidences on the fame Medium. Mathe- 
maticians ufually confider the Rays of Light to be Lines 
reaching from the luminous Body to the body illumina- 
ted, and the refraction of thofe Rays to be the bending, 
or breaking of thofe Lines in their paffing out of one Me- 
dium into another. And thus may Rays and Refractions 
be confidered, if Light be propagated in aninftanr. But 
by an Argument taken from the j^Ecjuations of the times 
of the Eclipfes of Jupiter’s Satellites it feems that Light is 
propagated in time, fpending in its paffage from the Sun 
ro us about Seven Minutes of time : And therefore I have 
chofen to define Rays and Refractions in fuch general 
terms as may agree to Light in both cafes. 

DEFIN, III. 

Be flexibility of Bays, is their Bifpofitm to he turned hack, into 
the fame Medium from any other Medium upon ivhofe Surface they 
fall And Bays are more or left reflexihle , which are returned 
back more or lefs eaflly . As if Light pafs out of Glafs into 
Air and by being inclined more and more to the com- 
mon Surface of the Glafs and Air, begins at length to be 
totally reflected by that Surface 5 thofe forts of Rays which 
at like Incidences are reflected moft copioufly , or by in- 
clining the Rays begin fooneft to be totally reflected, are 

moft reflexible* 
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DEFIN. IV. 

•ft, Amle of Incidence, is that Angle which the Line deferihei 
. J/fjLt Rat contains with the Perpendicular to the refle- 
Sing or refraSing Surface at the 'Point of Incidence. 

DEFIN. V. 

The Anile of Reflexion orRefraBion, is the Angle which the 
Line defcrfkd by the refleBed or refraBed Ray contatmtb with 
de (perpendicular to the refleBing or refraBing Surface at the 

(point of Incidence . 



DEFIN. VI. 

The Sines of Incidence , Inflexion, and BefraBton, 
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DEFIN. VII. 

The Light ivhofe <flays are all alike Bef Tangible , I call Sim- 
ple, Homogeneal and Similar ^ and that ivhofe Bny$ fonts 
more Bg frangible than others, I call Compound , Heterogeneal and 
Biffimilar. The former Light I call Homogeneal, not 
becaiife I would affirm it fo in all refpeCts 5 but becaufe 
the Rays which agree in Refrangibility, agree at leaft in 
all thofe their other Properties. Which I confider in the 
following Difcourfe. 



DEFIN. VIII. 

The Colours of Homogeneal Lights , I call Brimary, Homo - 
geneal and Simple j and thofe of Heterogened Lights, Heteroge- 
ned and Compound. For thefe are always compounded of 
the colours of Homogeneal Lights j as will appear in the 
following Difcourle. A 2 Al£l~ 
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AXIOMS. 

A X. I. 

T H E Angles of Incidence , Reflexion, and RefraBion, lye 
in one and the fame (Plane. 

A X. II. 

77;e Angle of (Reflexion is equal to the Angle of Incidence. 

A X. III. 

If the refraBed Ray be returned direBly bacf to the Point 
of Incidence it fhall be refraBed into the Line before defcri - 
bed by the incident Ray. 

A X. IV. 

RefraBion out of the rarer Medium into the denfer , is made 
towards the Perpendicular 5 that is y fo that the Angle of Refra- 
Bt'on. be left than the Angle of Incidence.. 

A X. V. . 

The Sine of Incidence , is either accurately or very nearly in a 
given Ratio to the Sine of RefraBion. 

Whence if that Proportion be known in any one Incli- 
nation of the incident Ray, fris known in all the Inclina- 
tions and thereby the Refraction in all cafes of Incidence 
on the fame refracting Body may be determined. Thus 
if the RefraCtion be made out of Air into Water, the Sine 
of Incidence of the red Light is to the Sine of its Refra- 
ction as 4 to 3. If out of Air into Glafs, the Sines are 

as 
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, in Lisht of other Colours the Sines have 
X Proportions^; 1 out che d.fference is fo little that it 

““stwofe^heX^thatR S reprefents the Surface of Fi £ . i- 
Suppoie a ’ , c is the point of Incidence in 

whicT my Ray coming in the Air from A in the Line 
A C is reflefted or refrafted, and i would know whether 
diis Ray (hall go after Reflexion or Reftaa.on : I ereft 
upon the Surface of the Water from the pomt of Inci- 
dence the Perpendicular C P and produce it downwards 
to Q, and conclude by the M Anom, that the Ray af- 
ter Reflexion and Refraaion, fliall be found foraewhere ur 
the Plane of the Angle of Incidence A C P produced. I 
let fall therefore upon the Perpendicular C P the Sine of 
Incidence AD, and if the reflected Ray be defired , I pro- 
duce A D to B fo that D B be equal to A D, and draw 
CB. For this Line CB fhall be the reflected Ray 5 the 
Angle of Reflexion B C P and its Sine B D being equal 
to the An<de and Sine of Incidence, as they ought to be 
by the fecond Axiom. But if the refraCted Ray be de- 
fired, I produce A D to H, fo that D H may be to A D 
as the Sine of RefraCtion to the Sine of Incidence, that is 
as 3 to 4 5 and about the Center C and in the Plane A C P 
with the Radius C A defcribing a Circle A B E I draw 
Parallel to the Perpendicular C P Q., the Line H E cutting 
the circumference in E, and joyning C E, this Line C E 
fhall be the Line of the refraCted Ray. For if E F be let 
fall perpendicularly on the Line P Q_, this Line E F fliall 
be the Sine of RefraCtion of the Ray C E, the Angle of 
RefraCtion being ECQ.; and this Sine E F is equal to 
DH, and confequently in Proportion to the Sine of Inci- 
dence A D as 3 to 4. 



In 
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In like manner, if there be a Prifm of Glafs (chat is a 
Glafs bounded with two Equal and Parallel Triangular 
ends, and three plane and well polifhed Sides, which meet 
in three Parallel Lines running from the three Angles of 
one end to the three Angles of the other end) and if the 
RefraCtion of the Light in palling crofs this Prifm be defi- 
red : Let ACB reprefent a Plane cutting this Prifm tranf- 
verily to its three Parallel lines or edges there where the 
Light pafleth through it, and let dE be the Ray inci- 
dent upon the firft fide of the Prifm A C where the Light 
goes into the Glafs ; And by putting the Proportion of 
the Sine of Incidence to the Sine of Refraction as 17:0 
1 1 find E F the firft refraCted Ray. Then taking this Ray 
for the Incident Ray upon the fecond fide of the Glafs B C 
where the Light goes out, find the next refraCted Ray F G 
by putting the Proportion of the Sine of Incidence to the 
Sine of RefraCtion as 11 to 17. For if the Sine of Inci- 
dence out of Air into Glafs be to the Sine of Refraction 
as 1 7 to 11, the Sine of Incidence out of Glafs into Air 
mull on the contrary be to the Sine of RefraCtion as 1 1 
to 17, by the third Axiom. 

Much after the fame manner , if A C B D reprefent a 
Glafs fpherically Convex on both fides (ufually called a 
Letts, luch as is a Burning- glafs, or Spectacle-glafs, or an 
ObjeCt-glafs of a Telefcope) and it be required to know 
how Light falling upon it from any lucid point Q_ {hall 
be refracted, let Q_M reprefent a Ray falling upon any 
point M of its firft fpherical Surface ACB, and by ereCting 
a Perpendicular to the Glafs at the point M, find the firft 
refracted Ray M N by the Proportion of the Sines 17 
to 1 1 . Let that Ray in going out of the Glafs be inci- 
dent upon N, and then find the fecond refracted Ray N c} 
by the Proportion of the Sines 1 1 to 1 7. And after the 
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fine miane1 may the Reflation be found when the 
Lens ” ex on one fide and Plane or Coneave on 
the other, or Concave on both Sides. 

AX. VI. 

Honmewd Pays which flow from federal Points of any Ob- 
jett and fall dmoft Perpendicularly on any refleBmg or refra- 
Bim Plane or Spherical Surface , fhall afterwards diverge from 
fo many other Points , or be Parallel to Jo many other Lines , or 
converge to fo many other Points , either accurately or tmthout any 
fenfible Error. And the fame thing will happen , if the pays be 
reflected or rcfracled JucceJJiVely by two or three or more Plane 
or fpherical Surfaces. 

The Point from which Rays diverge or to which they 
converge may be called their Focus. And the Focus of 
the incident Rays being given, that of the reflected or re- 
fracted ones may be found by finding the RefraCtion of 
any two Rays, as above 5 or more readily thus. 

Caf. 1. Let ACB be a reflecting or refracting Plane, Fig . 4. 
and Q_ the Focus of the incident Rays, and Qq C a per- 
pendicular to that Plane. And if this perpendicular be 
produced to q, fo that q C be equal to QC, the point q 
f kali be the Focus of the reflected Rays. Or if q C be 
taken on the fame fide of the Plane with Q.C and in Pro- 
portion to QC as the Sine of Incidence to the Sine of 

RefraCtion, the point q fhall be the Focus of the refrac- 
ted Rays. 

.A' \ A c B be the reflecting Surface of any R? e 

r, h ° fe S enter , 1S r E - 5 ? ifcct an y Radi “* hereof (fupl *' 
pofe E C) in T, and if m that Radius on the fame fide the 

f 7 0U 11 c Points Q. and q, fo that T Q T E 

and T ? be continual Proportionals, and the poim Q. be 

the 
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■ 
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the Focus of the incident Rays , the point q {hall be the 
Focus of the reftedted ones. 

fj?ig. 6 . Caf. i . Let A C B be the refracting Surface of any 
Sphere whofe Center is E. In any Radius thereof E C 
^produced both ways take E T and C t feverally in fuch 
Proportion to that Radius as the lefler of the Sines of 
incidence and Refradtion hath to the difference of thofc 
Sines. And then if in the fame Line you find any two 
Points Q. and a , fo that T Q. be to E T as E t to t q, 
taking t q the contrary way from t which T Q. lieth from 
T, and if the Point Q_be the Focus of any incident Rays, 
the Point q fhall be the Focus of the refracted ones. 

And by the fame means the Focus of the Rays after 
two or more Reflexions or Refractions may be found. 

Fg.7. Caf. 4. Let ACBD be any refradting Lens., fpheri- 
cally Convex or Concave or Plane on either fide , and let 
C D be its Axis (that is the Line which cuts both its Sur- 
faces perpendicularly, and paffes through the Centers of 
the Spheres,) and in this Axis let F and /be the Foci of the 
refradted Rays found as above , when the incident Rays 
on both fides the Lens are Parallel to the fame Axis 5 and 
upon the Diameter F f bifected inE, defcribe a Circle. 
Suppofe now that any Point Q. be the Focus of any inci- 
dent Rays. Draw QE cutting the faid Circle in T and f, 
and therein take t q in fuch Proportion to t E as f E or TE 
hath to T Q.. Let t q lye the contrary way from t which 
T Q doth from T, and q fhall be the Focus of the refrac- 
ted Rays without any ferifible Error , provided the Point 
Q be not fo remote from the Axis, nor the Lens fo broad 
« to make any of the Rays fall too obliquely on the 

refracting Surfaces. 

And by the like Operations may the reflecting or re- 
fracting Surfaces be found when the two Foci are given. 
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and thereby a Lens be formed, which fliall make the Rays 

flow towards or from what place you P 1 ^’ f 

So then the meaning of this Axiom is , that if Rays 
fall upon any Plane or Spherical Surface or Lc “’ g 
before their Incidence flow from or towards any Point CL, 
they fhall after Reflexion or Refraction flow from or to- 
wards the Point q found by the foregoing Rules. And it 
the incident Rays flow from or towards feveral points d, 
the reflected or refracted Rays fball flow from or towards 
fo many other Points q found by the fame Rules. Whe- 
ther the reflected and refracted Rays flow from or towards 
the Point q is eafily known by the fimation of that Point. 
For if that Point be on the fame fide of the reflecting or 
refracting Surface or Lens with the Point Q_, and the in- 
cident Rays flow from the Point Q , the refledled flow to- 
wards the Point q and the refracted from it 5 and if the 
incident Rays flow towards Q, the reflected flow from 
and the refracted towards it. And the contrary happens 
when q is on the other iide of that Surface. 

A X. VII. 



Wherever the pays which come from all the Joints of any Ob- 
ject meet again in fo many 'Points after they haVe been made to 
converge by Reflexion or pefrattion, there they will make a Pic- 
ture of the Object upon any white Pody on which they fall. 

So if PR reprefent any Object without Doors, and AB Fig. 3. 
be a Lens placed at a hole in the Window-fihut of a dark 
Chamber, whereby the Rays that come from any Point Q_ 

0l that Object are made to converge and meet again in 
the Point q. and if a Sheet of white Paper be held at a 

Obil C T>i ght n here r ° ^ Up0n U : Picture of that 

Object 1 R will appear upon the Paper in its proper Shape 

B -s 






ii : 
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and Colours. For as the Light which comes from the 
Point Q goes to the Point q, fo the Light which comes 
from other Points P and R of the Object, will go to f 0 
many other correfpondent Points p and r (as is manifeft 
by the iixth Axiom 5 ) fo that every Point of the Object 
fhall illuminate a correfpondent Point of the Picture, and 
thereby make a Picture like the Object in Shape and Co- 
lour, this only excepted that the Picture fhall be inverted. 
And this is the reaion of that Vulgar Experiment of cart- 
ing the Species of Objects from abroad upon a Wall or 
Sheet of white Paper in a dark Room. 

SE In like manner when a Man views any Object P QR, 
the Light which comes from the feveral Points ol the Ob- 
ject is fo refracted by the tranfparent skins and humours 
of the Eye, (that is by the outward coat EFG called the 
Tunica Cornea , and by the cryftalline humour AB which is 
beyond the Pupil m 4 ) as to converge and meet again at 
io many Points in the bottom of the Eye, and there to paint 
the Picture of the Object upon that skin (called the Tu- 
nica fftetina) with which the bottom of the Eye is covered. 
For Anatomifts when they have taken off from the bot- 
tom of the Eye that outward and mofl: thick Coat called 
the Dura Mater , can then fee through the thinner Coats 
the Pictures of Objects lively painted thereon. And thefe 
Pictures propagated by Motion along the Fibres of the Op- 
tick Nerves into the Brain, are the eaufe of Viflon. For 
accordingly as thefe Pictures are perfect or imperfect, the 
Object is feen perfectly or imperfectly. If the Eye be tin- 
ged with any colour fas in the Difeafe of the Jamdife) fo 
as to tinge the Pictures in the bottom of the Eye with that 
Colour, then all Objects appear tinged with the fame Co- 
lour. If the humours of the Eye by old Age decay, fo 
as bv Ihrinkinp to make the Cornea and Coat of the Cry. 
7 a flallm 
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I*, bmm grow flatter than before, the Light will not be 
jtaUtm mm » B , f 0 f a Efficient Refradhon 

£ to the bottom of the Eye but to feme 
place beyond it , and by confluence paint in the bottom 
of the Eye a confufed Pidlure,and according to themdiftinft- 
nefs of this Piflure the Objedt will appear confufed This 
is the reafon of the decay of Sight in old Men , and ftews 
why their Sight is mended by Spectacles, Foi thole Con- 
vcx-olaffes fupply the defeft of plumpnefs in the Eye, and 
by encreafing the Refraaion make theRays converge fooner 
fo as to convene diftinaly at the bottom of the Eye if the 
Glafs have a due degree of convexity. And the contrary 
happens in fhort-fighted Men whofe Eyes are too plump. 

For the Refraction being now too great, the Rays converge 
and convene in the Eyes before they come at the bottom 5 
and therefore the Picture made in the bottom and the Vifion 
cau fed thereby will not be diftindt, unlefs the Objedt be 
brought fo near the Eye as that the place where the con- 
verging Rays convene may be removed to the bottom, or 
that the plumpnefs of the Eye be taken off and the Refra- 
ctions diminished by a Concave- glafs of a due degree of 
Concavity, or laftly that by Age the Eye grow flatter till it 
come to a due Figure : For fhort-iighted Men fee remote 
ObjeCts beft in Old Age, and therefore they are accounted 
to have the mofl: lafting Eyes. . 

A X. VIII. 

An Object feen by Reflexion or Refraction, appears in that place 
from whence the Rays after their laft Reflexion or Refraction di- 
verge in falling on the Spectators Eye, 

If the ObjeCt A be feen by Reflexion of a Looking Fil- 9. 
glafs m m, it (hall appear, not in it’s proper place A but * 

B 2 behind 
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behind the Glafs at a , from whence any Rays AB, AC 
A D, which flow from one and the fame Point of the Ob- 
ject, do after their Reflexion made in the Points B,C, D 
diverge in going from the Glafs to E, F, G, where they 
are incident on the Spe&ator s Eyes, For thefe Rays do 
make the fame Picture in the bottom of the Eyes as if 
they had come from the Object really placed at a without 
the interpolation of the Looking-glafs j, and all Vilion is 
made according to the place and fhape of that Picture. 

In like manner the Object D feen through a Prifm ap- 
pears not in its proper place D, but is thence tranflated to 
fome other place d fituated in the laft refracted Ray F G 
drawn backward from F to d. 

And fo the Object Q_ feen through the Lens A B, appears 
at the place q from whence the Rays diverge in pafftng 
from the Lens to the Eye. >5 ow it is to be noted, that the 
Image of the Object at q is fo much bigger or lelTer than 
the Object it felf at Q_, as the diftance of the Image at 
q from the Lens AB is bigger or lefs than the diftance of 
the Object at Q. from the fame Lens. And if the Object 
be feen through two or more luch Convex or Concave- 
glafles, every Glafs fhall make a new Image, and the Ob- 
jedl fhall appear in the place and of the bignefs of the laft 
Image. Which confideration unfolds the Theory of Mi- 
crofcopes and Telefcopes. For that Theory confifts in al- 
moft nothing elfe chan the defcribing fuch Glaffes as fhall 
make the laft Image of any Object as diftindt and large 
and luminous as it can conveniently be made. 

I have now given in Axioms and their Explications the 
fumm of what hath hitherto been treated of in Opticks, 
For what hath been generally agreed on x content my 
lelf to aflume under the notion of Principles, in order to 

what I have further to write. And this may fuffice for an 

Intro- 
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todkd Gaffes, q w.ll more read.ly apprehend whae foU 
loweth. 



propositions. 

I. Theor. I. 

L IGHTS which differ in Colour, differ alfo in De- 
grees of Refrangibility. 

The Proof by Experiments. 

Exptr. i . I took a black oblong ftiff Paper terminated 
by Parallel Sides, and with a Perpendicular right Line 
drawn crofs from one Side to the other , diftinguifhed it 
into two equal Parts. One of thefe Parcs I painted with 
a red Colour and the other with a blew. The Paper was 
very black, and the Colours intenfe and thickly laid on, 
that the Phenomenon might be more confpictious. This 
Paper I viewed through a Prifm offolid Glafs, whofe.two 
Sides through which the Light pafled to the Eye were 
plane and well polifhed, and contained an Angle of about 
Sixty Degrees : which Angle I call the refracting Angle of 
the Prifm. And whilft I view-ed it, I held it before a 
Window in fuch manner, that the Sides of the Paper were 
parallel to the Prifm, and both thofe Sides and the Prifm 
parallel to the Horizon, and the crofs Line perpendicular 
to it • and. that the Light which fell, from the Window 

upo a . 
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upon the Paper made an Angle with the Paper, equal to 
that Angle which was made with the fame Paper by the 
Light refte&ed from it to the Eye. Beyond the Prifm was 
the Wall of the Chamber under the Window covered over 
with black Cloth, and the Cloth was involved in Dark- 
nefs that no Light might be reflected from thence, which 
in paffing by the edges of the Paper to the Eye , might 
mingle it felf with the Light cf the Paper and obfcure the 
Phenomenon thereof. Ihefe things being thus ordered, 
I found that if the refracting Angle of the Prifm be turned 
xipwards, fo that the Paper may feem to be lifted upwards 
by the ReffaCtion, its blew half will be lifted higher by 
the RefraCtion rhan its red half. But if the refraCting 
Angle of the Prifm be turned downward, fo that the Pi- 
per may feem to be carried lower by the Refraction, its 
blew half will be carried fomething lower thereby than 
its red half. Wherefore in both cafes the Light which 
comes from the blew half of the Paper through the Prifm 
to the Eye, does in like Circumftances fuffer a greater Re- 
fraction than the Light which comes from the red half, 
and by confequence is more refrangible. 

Fig. i i . Ittuftration. In the Eleventh Figure, M IS reprefents the 
Window, and D E the Paper terminated with parallel Sides 
D J and H E, and by the tranfverie Line F G diftinguifhed 
into two halfs, the one D G of an intenfely blew Colour, 
the other FE of an intenfely red. And B AC cab repre- 
fents the Prifm whofe refraCting Planes AB£ a and AC u 
meet in the edge of the refraCting Angle A a. This edge 
Art being upward, is parallel both to the Horizon and to 
the parallel edges of the Paper DJ and H E. And de re- 
prefents the Image of the Paper feen by RefraCtion up- 
wards in fuch manner that the blew half D G is carried 
higher to d ? than the red half F E is to fe , and therefore 
° 45 fuffers 



fuffers a greater Refaction. If the edge of the refraftmg 
Angle be turned downward, the Image of the Paper will 
be refraited downward fuppofe to *«, and the blew half 
will be reftafted lower to iy than the red half is to *«. 

Exper. a. About the aforefaid Paper, whofe two halfs 
were painted over with red and blew, and which was Itift 
like thin Paftboard, I lapped feveral times a /lender thred 
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of very black Silk, in fuch manner that the feveral parts 

of the thred might appear upon the Colours like fo many 
black Lines drawn over them , or like long and Bender 
dark Shadows call upon them. I might have drawn black 
Lines with a Pen, but the threds were fmaller and better 
defined. This Paper thus coloured and lined I fet againft 
a Wall perpendicularly to the Horizon, fo that one of the 
Colours might Band to the right hand and the other to 
the left. Clofe before the Paper at the confine of the Co- 
lours below I placed a Candle to illuminate the Paper 
ftrongly : For the Experiment was tried in the Night. 
The flame of the Candle reached op to the lower edge of 
the Paper, or a very little higher. Then at the diftance of 
Six Feet and one or two Inches from the Paper upon the 
Floor I ereCled a glafs Lens four Inches and a quarter 
broad, which might collect the Rays coming from the 
feveral Points of the Paper, and make them conversre to* 
waids fo many other Points at the fame diftance of fix 
Feet and one or two Inches on the other fide of the Lens,, 
and fo foi m the Image of the coloured Paper upon a white 
Paper placed there; after the fame manner that a Lens at 
a hole in a Window cafts the Images of ObjeCts abroad 
upon a Sheet of white Paper in a daVk Room. The afore- 
faid white Paper, erefted perpendicular to the Horizon 
? nu to tlie Ra y s winch fell Upon it from the Lens, I moved 
-orr: crimes towards the Lens, fometimes from it, to find 

the; 
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die places where the Images of the blew and red parts of 
the coloured Paper appeared moll dill inch Thole places 
I eafily knew by the Images of the black Lines which I 
had made by winding the Silk about the Paper, for the 
Images of thofe fine and (lender Lines (which by reafon of 
their blacknefs were like Shadows on the Colours) were 
■confufed and fear ce vifible, unlefs when the Colours on ei- 
ther fide of each Line were terminated molt diftinclly. 
Noting therefore, as diligently as I could, the places where 
the Images of the red and blew halfs of the coloured Pa- 
per appeared moft diftin<5t , I found that where the red 
half of the Paper appeared diflindt, the blew half appeared 
confufed, fo that the black Lines drawn upon it could 
fcarce be feen ; and on the contrary where the blew half 
appeared moll diftindt the red half appeared confufed, fo 
that the black Lines upon it were fcarce vifible. And be- 
tween the two places where thefe Images appeared diftindl 
there was the dillance of an Inch and a half : the diftance 
of the white Paper from the Lens, when the Image of the 
red half of the coloured Paper appeared moll djflindt, be- 
ing greater by an Inch and an half than the diftance of the 
lame white Paper from the Lens when the Image of the 
blew half appeared moft diftindl. In like Incidences there- 
fore of the blew and red upon the Lens, the blew was re- 
fracted more by the Lens than the red, fo as to converge 
fooner by an Inch and an half, and therefore is more refran- 
gible. 

. Ittuflration. In the Twelfth Figure, DE fignifies the co- 
loured Paper, D G the blew half, F E the red half, M N 
the Lens, H J the white Paper in that place where the red 
half with its black Lines appeared diftindt, and hi the fame 
Paper in that place where the blew half appeared diftind. 
The place hi was nearer to the Lens M N than the place 
H J by an Inch and an half. Scholium, 
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SMium. The fame things ft.cceed I notwithftandmg that 
fome of the Circumftances be varied : as in the nr ft Ex- 
periment when the Prifm and Paper are any w ays inclined 
fo the Horizon, and in both when coloured Lines are 
drawn upon very black Paper. But in the Defection of 
thefe Experiments , I have fet down fuch Circumftances 
by which either the Phenomenon might be rendicd mote 
confpicuous, or a Novice might more eafily try them or 
by which I did try them only. The fame thing I have 
often done in the following Experiments : Concerning all 
which this one Admonition may fuffice. Now from thefe 
Experiments it follows not that all the Light of the blew 
is more Refrangible than all the Light of the red j For 
both Lights are mixed of Rays differently Refrangible, 
So that in the red there are fome Rays not lefs Refrangible 
than thofe of the blew , and in the blew there are fome 
Rays not more Refrangible than thofe of the red j But 
thefe Rays in Proportion to the whole Light are but few, 
and ferve to diminilh the Event of the Experiment , but 
are not able to deftroy it. For if the red and blew Co- 
lours were more dilute and weak, the dillance of the Ima- 
ges would be lefs than an Inch and an half j and if they 
were more intenfe and full, that diftance would be greater, 
as will appear hereafter. Thefe Experiments may fuffice 
for the Colours of Natural Bodies. For in the Colours 
made by the Refraction of Prifms this Propofition will 
appear by the Experiments which are now to follow in the 
next Propofition. 



T^OT. 
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PROP. II. Theor. II. 

The Light of the Sun confip of Rays differently Refrangible 
The Proof by Experiments. 



Exper. 3. TN a very dark Chamber at a round hole about 
^ one third part of an Inch broad made in the 
Shut of a Window I placed a Glafs Prifm, whereby the 
beam of the Sun’s Light which came in at that hole might 
be refracted upwards toward the oppofite Wall of the 
Chamber , and there form a coloured Image of the 
Sun. The Axis of the Prifm (that is the Line paffing 
through the middle of the Prifm from one end of it to 
the other end Parallel to the edge of the Refrafting Angle) 
was in this and the following Experiments perpendicular 
to the incident Rays, About this Axis I turned the Prifm 
flowly , and faw the refra&cd Light on the Wall or co- 
loured Image of the Sun firft to defcend and then to af- 
cend. Between the Defcent and Afcent when the Image 
feemed Stationary , I ftopt the Prifm, and fixt it in that 
Poft ure, that it fhould be moved no more. For in that 
pofture the Refra&ions of the Light at the two fides of 
the Refra&ing Angle, that is at the entrance of the Rays 
into the Prifm and at their going out of it, were equal to 
one another. So alfo in other Experiments as often as I 
would have the Refradtions on both fides the Prifm to he 
equal to one another, I noted the place where the Image 
of the Sun formed by the refradted Light flood flill be- 
tween its two contrary Motions, in the common Period 
of its progrefs and egrefs 5 and when the Image fell upon 

that place, I made fall the Prifm. And in this pofture, as 
' ' the 
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the moft convenient, it is to be underftood that all the Priftns 
Z placed in the following Experiments unlefs where Come 
other pofture is defcribed. The Prifm therefore bemg pla- 
ced in this pofture, I let the refradfed Light fall perpend - 
cularly upon a Sheet of white Paper at the oppofite all 
of the' Chamber, and obferved the Figure and Dimenfions 
of the Solar Image formed on the Paper by that Light. 
This Image was Oblong and not Oval, but terminated 
with two "kedlilinear and Parallel Sides, and two Semi- 
circular Ends. On its Sides it was bounded pretty diftindtly, 
but on its Ends very confufedly and mdiftindlly, the Light 
there decaying and vanifhing by degrees. The breadth of 
this Image anfwered to the Sun s Diameter, and was about 
two Inches and the eighth part of an Inch , including the 
Penumbra. For the Image was eighteen Feet and an half 
diftant from the Prifm, and at this diftance that breadth if 
dimimflied by the Diameter of the hole in the Window- fliut, 
that is by a quarter of an Inch, fu btended an Angle at the 
Prifm of about half a Degree, which is the Sun’s apparent 
Diameter. But the length of rhe Image was about ten Inches 
and a quarter, and the length of the Redlilinear Sides about 
eight Inches 5 And the refracting Angle of the Prifm where- 
by fo great a length was made, was 64 degr. With a kfs 
Angle the length of the Image was lefs , the breadth re- 
maining the fame. If the Prifm was turned about its Axis 
that way which made the Rays emerge more obliquely out 
of the fecond refta&ing Surface of the Prifm, the Imaae foon 
oecame an Inch or two longer, or morc 5 and if the" Prifm 
was turned about the contrary way, fo as to make the Rays 
ran more obliquely on the firft refolding Surface, the Imaie 
loon became an Inch or two fihorter. And therefore in try- 
ing this Experiment, I was as curious as I could be in pla- 
cing the Prifm by the above-mentioned Rule exa&ly in 

C 2 fuch 
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fuch a pofture that the Refractions of the Rays at their eract. 
gence out of the Prifm might be equal to that at their inci- 
pience on it. This Prifm had fome Veins running alona 
within the Glafs from one end to the other , which feat, 
tered fome of the Sun’s Light irregularly, but had no fen. 
fible effeCl in encreafing the length of the coloured Spec- 
trum. For I tried the fame Experiment with other Prjfms 
with the fame Succefs. And particularly with a Prifm 
which feemed free from luch Veins, and whofe refracting 
Angle was 62 1 Degrees, I found the length of the Image 553 

or 10 Inches at the diftance of 1 8~ Feet from the Pril}/ 
the breadth of the hole in the Window-fhut being* of a n 
Inch as before. And bccaufe it is eafie to commit a mi- 
ftake in placing the Prifm in its due pofture, I repeated 
the Experiment four or five times, and always found the 
length of the Image that which is fet down above. With 
another Prifm of clearer Glafs and better Pollifh, which 
feemed free from Veins and whofe refracting Angle was 
63 Degrees, the length of this Image at the fame diftance 



of 18; Feet was alfo about 10 Inches, or io-. Beyond 
thefe Meafures for about ■ or ; of an Inch at either end of 

the SpeCtrum the Light of the Clouds feemed to be a little 
tinged with red and violet, but fo very faintly that I fufpe- 
Cted that tin&ure might either wholly or in great mealure 
arife from fome Rays of the SpeCtrum fcattered irre- 
gularly by fome inequalities in the Subftance and Polifti 
of the Glafs , and therefore I did not include it in thefe 
Meafures. Now the different Magnitude of the hole in 
theWindow-fliut, and different thicknefs of the Prifm where 
the Rays paffed through it, and different inclinations of the 
Prifm to the Horizon, made no fenfible changes in the 
length of the Image. Neither did the different matter of 

the 



t „ „ nv . f or in a Veffel made of polifhed 
Di C Pnf U S S cemented together in the fihape of a Prifm 
^ filled with Water, there is the like Succefs of the Ex- 
SSSl gto the quantity of the RefraCfion It 
fs further to be obTerved, that the Rays went on in right 
Lines from the Prifm to the Image, and therefore at then 
very S going out of the Prifm had all that Inclination to 
one another from which the length of the Image pi 
ceeded, that is the Inclination of more than two Degrees 
and an half. And yet according to the Laws of Opticks 
vulgarly received, they could not poftibly be fo much in- 
clined to one another. For let EG reprefent the Wmdpw-ffc. 
fliut, F the hole made therein through which a beam of the 
Sun’s Light was tranfmitted into the darkned Chamber, and 
ABC a Triangular Imaginary Plane whereby the Prifm is 
feigned to be cut tranfverfly through the middle of the 
Light. Or if you pleafe, let A B C reprefent the Prifm it 
felf, looking dirc&ly towards the Spectator's Eye with its 
nearer end : And let X Y be the Sun, MN thePaper upon 
which the Solar Image or SpeCtrum is caft, and P T the 
Image it felf whofe fides towards V and W are Rectili- 
near and Parallel, and ends towards P and T Semicir- 
cular. Y K FI P and X L J T are the two Rays, the firft 
of which comes from the lower part of the Sun to the 
higher part of the Image, and is refracted in the Prifm at 
K and H, and the latter comes from the higher part of 
the Sun to the lower part of the Image, and is refraCled 
at L and J. Since the Refractions on both fides the Prifm 
are equal to one another, that is the Refraction at K equal 
to the Refraction at J, and the RefraCtion at L equal to 
the RefraCtion at H, fo that the Refraaions of the inci- 
dent Rays at K and L taken together are equal ro the 
Refraaions of the emergent Rays at H and J taken toge- 
ther : 
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ther : it follows by adding equal things to equal things’ 
that the Refractions at K and H taken together, are equal 
to the Refractions at J and L taken together , and there- 
fore the two Rays being equally refraCted have the fame 
Inclination to one another after Refraction which they had 
before, that is the Inclination of half a Degree anfwering 
to the Sun s Diameter. For fo great was the Inclination 
of the Rays to one anorher before RefraCtion. So then 
the length of the Image P T would by the Rules of Vul- 
gar Opticks fubtend an Angle of half a Degree at the 
Prifm, and by coniequence be equal to the breadth Vw. 
and therefore the Image would be round. Thus it would 
be were the two Rays XLJTand YKHP and all the 
reft which form the Image PwTv, alike Refrangible, 
And therefore feeing by Experience it is found that the 
Image is not round but about five times longer than 
broad, the Rays which going to the upper end P of the 
Image fuffer the greateft Refraction, muft be more Refran- 
gible than thofe which go to the lower end T , unlefs the 
inequality of Refraction be cafual. 

This Image or SpeCtrum P T was coloured, being red 
at its leaft refraCted end T, and violet at its moft refracted 
end P, and yellow green and blew in the intermediate 
fpaces. Which agrees with the firft Proportion, that Lights 
which differ in Colour do alfo differ in Refrangibility. 
The length of the Image in the foregoing Experiments I 
meafured from the faintc-ft and outmoft red at one end, to 
the fainted: and outmoft blew at the other end. 

Exper . 4. In the Sun’s beam which was propagated in- 
to the Room through the hole in the Window-fhut, at 
the diftance of fome Feet from the hole, I held the Prifm 
in fuch a pofture chat its Axis might be perpendicular to 
that beam. Then I looked through the Prifm upon the 
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hole, and turning the Prifm to and fro » about its Axis to 
make the Image of the hole afeend and defeend, when be- 
tween its two contrary Motions it feemed ftationary, I 
ftopt the Prifm that the Refactions on both fides of the 
refraCHng Angle might be equal to each other as in the 
former Experiment. In this Situation of the Prifm view- 
ina through it the faid hole, I obferved the length of its 
refracted Image to be many times greater than its breadth, 
and that the moft refraCted part thereof appeared violet, 
the leaft refraCted red, the middle parts blew green and 
yellow in order. The fame thing happened when I re- 
moved the Prifm out of the Sun s Light , and looked 
through it upon the hole fhining by the Light of ^ the 
Clouds beyond it. And yet if the RefraCtion were done 
regularly according to one certain Proportion of the Sines 
of" Incidence and RefraCtion as is vulgarly fuppoled, the 
refracted Image ought to have appeared round. 

So then, by thefe two Experiments it appears that in 
equal Incidences there is a confiderable inequality of Re- 
fractions : But whence this inequality arifes, whether it be 
that fome of the incident Rays are refraCted more and 
others lefs, conftantly or by chance, or that one and the 
fame Ray is by RefraCtion difturbed, fliattered, dilated, 
and as it were Iplit and fpread into many diverging Rays, 
as Grimddo luppofes, does not yet appear by thefe Experi- 
ments, but will appear by thofe that follow. 

Exper. 5 . Confidering therefore, that if in the third Ex- 
periment the Image of the Sun fliould be drawn out into 
an oblong form, either by a Dilatation of every Ray, or 
by any other cafual inequality of the Refractions, the fame 
oblong Image would by a fecond RefraCtion made Side- 
ways be drawn out as much in breadth by the like Dila- 
tation of the Rays or other cafual inequality of the Re- 
fractions 



fractions Sideways, T tried what would be the Effects of 
i'uch a fecond RefraCtion. For this end I ordered ail rhinos 
as in the third Experiment, and then placed a fecond Prifrn 
immediately after the firft in a crofs Pofition to it, that it 
might again refrail the beam of the Sun's Light which 
came to it through the firft Prifm. In the firft Prifm this 
beam was refracted upwards, and in the fecond Sideways. 
And I found that by the RefraCtion of the fecond Prifm 
the breadth of the Image was not increafed, but its fupe- 
rior part which in the firft Prifm fuffered the greater Re- 
fraCtion and appeared violet and blew, did again in the 
fecond Prifm futfer a greater RefraCtion than its inferior 
part, which appeared red and yellow , and this without 
any Dilation of the Image in breadth. 

4* lllujlration . Let S reprefent the Sun, F the hole in the 

Window, ABC the firft Prifm, D H the fecond Prifm, Y 
the round Image of the Sun made by a direCt beam of 
Light when the Prifms are taken away, P T the oblong 
Image of the Sun made by that beam paffing through the 
firft Prifm alone when the fecond Prifm is taken away, and 
pt the Image made by the crofs Refractions of both 
Prifms together. Now if the Rays which tend towards 
the feveral Points of the round Image Y were dilated and 
lpread by the RefraCtion of the firft Prifm, fo that they 
mould not any longer go in fingle Lines to fingle Points, 
but that every Ray being fplit, fluttered, and changed 
from a Linear Ray to a Superficies of Rays diverging 
from the Point of Refraction, and lying in the Plane of 
the Angles of Incidence and Refraction, they fhould 
go in thofe Planes to fo many Lines reaching almoft 
from one end of the Image P T to the other, and if 
that Image fhould thence become oblong : thofe Rays 
and their feveral parts tending towards the feveral Points of 

the 
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the Image P T ought to be again dilated and fpvead Side- 
ways by the tranfverfe Reftadion of the fecond Pr.fm, fo 
as to compofe a fourfquare Image, fuch as ts reprefented 
at »7. For the better underftanding of which, let the Image 
PT be diftinguifhed into five equal Parts PQ_K, K. Q. > 
LRSM, MSVN, NVT. And by the fame irregularity 
that the Orbicular Light Y is by the RefraCtion of the firft 
Prifm dilated and drawn out into a long Image P T, the 
the Light P QK which takes up a fpace of the fame length 
and breadth with the Light Y ought to be by the Refra- 
ction of the fecond Prifm dilated and drawn out into the 
long Image « q and the Light I< Q.R L into the long 
Image { q r /, and the Lights LRSM, M S Y N, N V T 
into fo many other long Images / r r m, m s V n, n V tT $ and 
all thefe long Images would compofe the fourfquare Image 
*1. Thus it ought to be were every Ray dilated by Re- 
fraction, and fpread into a triangular Superficies of Rays 
diverging from the Point of RefraCtion. For the fecond 
RefraCtion would fpread the Rays one way as much as the 
firft doth another, and fo dilate the Image in breadth as 
much as the firft doth in length. And the fame thing 
ought to happen, were fome Rays cafually refraCted more 
than others. But the Event is otherwife. The Image P T 
was not made broader by the RefraCtion of the Second 
Pnfrn, but only became oblique, as tis reprefented at p t 1 
its upper end P being by the Refraction tranflated to a 
greater cuftance than its lower end T. So then the Light 
which went towards the upper end P of the Imaoe was 
(at equal Incidences) more refraCted in the fecond Prifm 
than the Light which tended towards the lower end T 
that is the blew and violet, than the red and yellow . and 
therefore was more Refrangible. The fame Liahr ? 
me RefraCtion of the firft Prifm tranflated further from the 

^ place 
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place Y to which it tended before Refraction ; and there- 
fore fuffered as well in the frrft Prifm as in the fecond a 
greater Refraction than the reft of the Light, and by con- 
sequence was more Refrangible than the reft, even before 
its incidence on the firft prifm. 

Sometimes I placed a third Prifm after the fecond, and 
fometimes alfo a fourth after the third , by all which the 
Image might be often refraCted tideways : but the Rays 
which were more refracted than the reft in the firft Prifm 
were alfo more refraCted in all the reft, and that without 
any Dilatation of the Image fide ways : and therefore thofe 
Rays for their conftancy of a greater RefraCtion are de- 
fervedly reputed more Refrangible. 
pi<r, 1 5 . But that the meaning of this Experiment may more 

clearly appear, it is to be confidered that the Rays which 
are equally Refrangible do fall upon a circle anfwering to 
the Sun’s Difque. For this was proved in the third Experi- 
ment. By a circle I underftand not here a perfect Geo- 
metrical Circle, but any Orbicular Figure whole length is 
equal to its breadth, and which, as to fenfe, may feem 
circular. Let therefore A G reprefent the circle which all 
the moft Refrangible Rays propagated from the whole 
Difque of the Sun, would illuminate and paint upon the 
oppofite Wall if they were alone j E L the circle which all 
the leaft Refrangible Rays would in like manner illuminate 
and paint if they were alone $ B H, C J, D K, the circles 
which fo many intermediate forts of Rays would fuccef- 
fively paint upon the Wall, if they were fingly propagated 
from the Sun in fucceftive Order, the reft being always in- 
tercepted 5 And conceive that there are other intermediate 
Circles without number which innumerable other inter- 
mediate forts of Rays would fucceffively paint upon the 

Wall if the Sun fhould fucceffively emit every fort apart. 

And 
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des, of all which, Dei g continual feries, that ob- 

frangibility p ace ompo f c d which I deferibed in the 

^ Now I the Sun’s circular Image Y 

whkh^l made by an unrefrafted beam of Light was by 
Tnv dilatation </the fingle Rays, or by any other ^regu- 
larity in the Refradtion of the firft Prifm, conveitcdinto 

the Oblong Spcarum, P T : then ought every circle A G, 
B H C J, &c. in that SpeCtrum, by the crofs Rerra- 
aion of the fecond Prifm again dilating or otherwile 
Mattering the Rays as before, to be in like manner drawn 
out and transformed into an Oblong figure, and there y 
the breadth of the Image P T would be now as much aug- 
mented as the length of the Image Y was before by the Re- 
fraction of the firft Prifm 5 and thus by the Refractions of 
both Prifm s together would be formed a foursquare Figure 
p cr 1 1 as I deferibed above. Wherefore fince the breadth of 
the Spectrum P T is not increafed by the Refraction fide- 
ways, it is certain that the Rays are not fplit or dilated, or 
otherways irregularly fcattered by that Refraction, but 
that every circle is by a regular and unilorm Refi-aCtion 
tranflated entire into another place, as the circle A G by 
the greateft RefraCtion into the place the circle B H by 
a lefs Refraction into the place bb^ the circle C J by a Re- 
fraction frill lefs into the place ci, and fo of the reft 5 by 
which means a new SpeCtrum p t inclined to the former 
P T is in like manner compofed of circles lying in a 
right Line } and thefe circles mu ft be of the famebjo-nefs 
with the former, becaufe the breadths of all the ^pe- 

dtrums Y, PT and pt at equal diftances from the Priims 
are equal. 

D 2 
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I confidered further that by the breadth of the hole £ 
through which the Light enters into the Dark Chamb er, 
there is a Penumbra made in the circuit of the Spe<5frum 
Y, and that Penumbra remains in the rectilinear Sides of 
the Spe&rums P T and pt. I placed therefore- at that hole 
a Lens or Object- glafs of a Telefcope which might caft 
the Image of the Sun diftindtly on Y without any Penum- 
bra at all, and found that the Penumbra of the Rectili- 
near Sides of the oblong SpeCtrums P T and pt was alfo 
thereby taken away, fo that thofe Sides appeared as di- 
flindtly defined as did the Circumference of the firft Image 
Y. Thus it happens if the Glafs of the Prifms be free 
from veins, atd their Sides be accurately plane and well 
poli fhed without thofe numberlefs waves or curies which 
ufually arife from Sand-holes a little fmoothed in polic- 
ing with Putty. If the Glafs be only well polifhed and 
free from veins and the Sides not accurately plane but a 
little Convex or Concave, as it frequently happens j yet 
may the three Spectrum s Y, P T and pt want Penumbras, 
but not in equal diflances from the Prifms. Now from 
this want of Penumbras, I knew more certainly that every 
one of the circles was refraCted according to fome moil 
regular, uniform, and conftant law. For if there were 
any irregularity in the Refraction, the right Lines A E and 
G L which all the circles in the SpeCtrum P T do touch, 
could not by that RefraCtion be tranfiated into the Lines 
a e and £ / as diftindt and ftraight as they were before, but 
there would arife in thofe tranfiated Lines fome Penumbra 
or crookednefs or undulation, or other fenfible Perturba- 
tion contrary to what is found by Experience. Whatfo- 
ever Penumbra or Perturbation fliould be made in the 
circles by the crofs RefraCtion of the fecond Prifm , all 
that Penumbra or Perturbation would be confpicuous in 
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, -ahr T ines a e and £ / which touch thofe circies. An 
t«l,refi”ce there is fo fitch Penumbra or Perturbation 
^ thofe right Lutes there muft be none in the circles. 
since the diftance between thofe Tangents or breadth of 
SlpSum is not increafed by the Refraa.° nS the D^ 
meters of the circles are not maeafed thereby. Ssnce : 

Tangents continue to be right L'ncs , evcry circ e 
in the fitft Prifm is more or lefs refraaed is exactly m 
the fame Proportion more or lefs refraaed in the fe«> • 

And feeing all chefe things continue to lucceed after ! 
fame maimer when the Rays are again in a third Pn m, 
and again in a fourth refraaed Sideways, it is evident that 
the Kays of one and the fame circle as to their degree o 
Refrangibility continue always Uniform and Homogeneal 
to one another, and that thofe of feveral circles do differ 
in degree of Refrangibility , and that in fome certain and 
conftant Proportion. Which is the thing I was to prove. 

There is- yet another Circumftance or two of this Ex- Fig. 1 <5* 
perimene by which it becomes Hill more plain and con- 
vincing. Let the fecond Prifm D H be placed not imme- 
ately after after the firft, but at fome diftance from it ; 

Suppofe in the mid- way between it and the Wall on which 
the oblong Spe<ftmm P T is caft, fo that the Light from 
the firft Prifm may fall upon it in the form of an oblong 
Spe&rum, *7 Parallel to this fecond Prifm, and berefradted 
Sideways to form the oblong Spedtrum p t upon the Wall. 

And you will find as before, that this Spedlrum p t is in- 
clined to that Spedtrum P T, which the firft Prifm forms 
alone without the fecond j the blew ends P and p being fur- 
ther diftant from one another than the red ones T and t 
and by confequence that the Rays which go to the blew 
end * of the Image *-7 and which therefore fuffer the greateft 
Refradhon in the firft Prifm, are again in the fecond Prifm 
more refradted than the reft. 



/. The fame thing I try’d alfo by letting the Sun’s Light 
into a dark Room through two little round holes F and p 
made in the Window, and with two Parallel Prifms ABC 
and placed at thofe holes ( one at each ) refracting 
thofe tw r o beams of Light to the oppofite Wall of the 
Chamber, in fuch manner that the two colour’d Images 
P T and m n which they there painted were joyned end to 
end and lay in one ftraight Line, the red end T of the 
one touching the blew end m of the other. For if thele 
two refracted beams were again by a third Prifm D H pla- 
ced croft to the two firft, refracted Sideways, and the Spe- 
Ctrums thereby tranflated to fome other part of the Wall 
of the Chamber , fuppofe the SpeCtrum P T to p t and 
the SpeClrum MN to mn, thefe tranflated SpeCtrums pt 
and w n would not lie in one ftraight Line with their ends 
contiguous as before, but be broken off from one another 
and become Parallel, the blew end of the Image m n being 
by a greater RefraCtion tranflated farther from its former 
place M T, than the red end t of the other Image p t from 
the fame place MT which puts the Propofition paft di- 
Ipute. And this happens whether the third Prifm D H be 
placed immediately after the two firft or at a great diftance 
from them , fo that the Light refraaed in the two firft 
Prifms be either white and circular, or coloured and ob- 
long when it falls on the third. 

Exper. 6. In the middle of two thin Boards I made 
round holes a third part of an Inch in Diameter, and in 
the Window- (hut a much broader hole, being made to let 
into my darkned Chamber a large beam of the Sun s 
Light 5 I placed a Prifm behind the Shut in that beam to 
refraCt it towards the oppofite Wall, and clofe behind the 
Prifm I fixed one of the Boards, in fuch manner that the 
middle of the refracted Light might pafs through the hole 
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. . J ,u. reft be intercepted by the Board. . 

ma *)e in it, *” of about tW elve Feet from the firft 

p ad 1 fixed 'the other Board, in fuch manner that the 
B j"m If rhe refraaed Light which came through the hole 
if fi ft Board -d fdf upon the oppofite Wall might 
Dafs through the hole in this other Board, and the reft he- 
ms intercepted bv the Board might paint upon it the co- 
oured Spearum o( the Sun. And clofe behind this Board 
I fixed Another Prifm to refraa the Light which came 
through the hole. Then I returned Tpeedily to the firft 
Sk and by turning it flowly to and fro about its Axis, 
[caufedthe Image which fell upon the fecond Boaid to 
move up and down upon that Board, that all its parr> 
might fucccffively pafs through the hole in that Board and 
faJi upon the Prifm behind it. And in the mean time I 
noted the places on the oppofite Wall to which that Light 
after its Refradion in the fecond Prifm did pafs $ and by 
the difference of the places I found that the Light which 
being moft refraaed in the firft Prifm did go ro the blew 
end of the Image, w r as again more refraaed in the fecond 
Prifin than the Light which went to the red end of that 
Image, which proves as well the firft Propofition as the 
fecond. And this happened whether the Axis of the two 
Prifms were parallel, or inclined to one another and to the 
Horizon in any given Angles. 

Illuftration. Let F be the wide hole in the Window- fhut,£^ # x g 
through vehich the Sun fhines upon the firft Prifin ABC, 
and let the refraaed Light fall upon the middle of the 
Board D E, and the middle part of that Light upon the 
hole G made in the middle of that Board. Let this tra- 
jeded part of the Light fall again upon the middle of the 
fecond Board d e and there paint fuch an oblong coloured 
Image of the Sun as was deferibed in the third Experiment. 

By 
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'•By turning the Prifm ABC fiowly to and fro about its 
Axis this Image will be made to move up and down the 
Board d Cj and by this means all its paits horn one end to 
the other may be made to pafs fucceflively through the 
hole which is made in the middle of that Board. In the 
mean while another Prifm u be is to be fixed next after 
that hole g to refraft the traje&ed Light a fecond time. 
And thefe things being thus ordered, I marked the places 
M and N of the oppofitc Wall upon which the retraced 
Light fell, and found that whilft the two Boards and fecond 
Prilm remained unmoved, thofe places by turning the firft 
Prifm about its Axis were changed perpetually . t’oi when 
the lower part of the Light which fell upon the lecond 
Board d e was caft through the hole g it went to a Lower 
place Mon the Wall, and when the higher part of that 
Lioht was caft through the fame hole£, it went to a higher 
place N on the Wall, and when any intermediate part of 
fhe Light was caft through that hole it went to lome place 
on theWall between M and N. The unchanged Pofition 
of the holes in the Boards, made the Incidence of the Rays 
upon the fecond Prifm to be the fame in all cafes. And 
vet in that common Incidence fome of the Rays were more 
refracted and others lefs. And thofe were more refraded 
in this Prifm which by a greater Refraction in the firft 
Prifm were more turned out of the way, and therefore for 
their conftancy ot being more refracted aic aefervedly cal- 
led more Refrangible. 

Exber. 7, At two holes made near one another in my 
Window-fhut I placed two Prifms , one at each, which 
mudit caft upon the oppofite Wall (after the manner 0 
the°third Experiment ) two oblong coloured Images of the 
Sun. And at a little diftance from the Wall I placed a 
long {lender Paper with ftraight and parallel edges^and 
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Half of the Paper, 

Colours red and violet , much after the mannei of t e 
painted Paper in the firft and fecond Experiments. ten 
S a black Cloth I covered the Wall behind the Paper 
that no Light might be refleaed from it to difturb the 
Experiment, and viewing the Paper through a 'h"d Prifm 
held parallel to it, I faw chat half of it which was ilium 
nated by the Violet-light to be divided from the other 
half by a greater Refraaion, efpecially when I went a good 
way off from the Paper. For when I viewed ic too near 
at hand, the two halfs of the Paper did not appear fully 
divided from one another , but feemed contiguous at one 
of their Angles like the painted Paper in the firft Expe- 
riment. Which alfo happened when the Paper was too 
broad. 

Sometimes inftead of the Paper I ufed a white Thred, 
and this appeared through the Prifm divided into two Pa- 
rallel Threas as is reprefented in the 19 th Figure , where Fig. 
D G denotes the Thred illuminated with violet Light 
from D to E and with red Light from F to G, and d e f g 
are the parts of the Thred feen by Refra&ion. If one half 
of the Thred be conftantly illuminated with red, and the 
other half be illuminated with all the Colours fucceftively, 
(which may be done by caufing one of the Prifms to be 
turned about its Axis whilft the other remains unmoved) 
this other half in viewing the Thred through the Prifm, 
will appear in a continued right Line with the firft half 
when illuminated with red , and begin to be a little divi- 
ded from it when illuminated with Orange, and remove 
anther from it when illuminated with Yellow, and ftill 
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further when with Green, and further when with Blew, and 
go yet further off when illuminated with Indigo, and f llr ^ 
theft when with deep Violet. Which plainly fhews, that 
the Lights of fevcral Colours are more and more Refran- 
gible one than another, in this order of their Colours, R ec [ 
Orange, Yellow, Green, Blew, Indigo, deep Violet - and 
fo proves as well the firft Prop ofi cion as the fecond. 

Fig. i y, I caufed alfo the coloured Spe&rums PT and MN 
made in a dark Chamber by the Refractions of two Prifms 
to lye in a right Line end to end, as was deferibed above 
in the fifth Experiment, and viewing them through a third 
Prifm held Parallel to their length, they appeared no longer 
in a right Line, but became broken from one another, as 
they are reprefented at p t and m ?/, the violet end m of the 
SpeCtrum m n being by a greater Refraction tranflated 
further from its former place M T than the red end t of the 
other SpeCtrum p t. 

Fi<r t io. I further caufed thole two SpeCtrums P T and MN to 
become co-incident in an inverted order of their Colours, 
the red end of each falling on the violet end of the other, 
as they are reprefented in the oblong Figure P T M N ; 
and then viewing them through a Prifm D H held Paral- 
lei to their length, they appeared not co-incident as when 
viewed with the naked Eye , but in the form of two di- 
ftinCl SpeCtrums p t and m n crofling one another in the 
middle after the manner of the letter X. Which fhews 
that the red of the one SpeCtrum and violet of the other, 
which were co-incident at P N and M T , being parted 
from one another by a greater RefraCtion of the violet to 
P and m than of the red to n and f, do differ in degrees ot 
Refrangibility. 

I illuminated alfo a little circular piece of white Paper 
all over with the Lights of both Prifms intermixed, and 

when 






Jeep violet of the o her f o as b y t ^ ^ ^ 

Colours to appear ? greater, through a 

firft * a 1 eft diftance , and a a grea er g 

third Prifm, and as I went by the un- 

^££ 

FS tl°lv:teft“amm Ind when that Prifm 

SleWWow fvhich -ftrhevmlet on the Paper was ta- 

Prifm was taken away the leci vamuicu 
thefe two Images were nothing elfe than the Lights of 
two Prifms which had been intermixed on the purple Pa- 
per, but were parted again by their unequal Refractions 
made in the third Prifm through which the Paper was 
viewed. This alfo was obfervable that if one ot the 
Prifms at the Window, fuppofe that which call the violet 
on the Paper, was turned about its Axis to make all the 
Colours in this order, Violet, Indigo, Blew, Green, Yel- 
low, Orange, Red, fall fucceffively on the Paper from that 
Prifm, the^ violet Image changed Colour accordingly, and 
in changing Colour came nearer to the red one, until when 
it was alfo red they both became lully co-incident. 

I placed alfo two paper circles very near one another, 
the one in the red Light of one Prifm, and the other in 
the violet Light of the other. The circles were each of 
them an Inch in Diameter, and behind them the Wall was 
dark that the Experiment might not be difturbed by any 
Light coming from thence. Thefe circles thus illuminated, 
I viewed through a Prifm fo held that the Refraction ni ght 
be made towards the red circle , and as I went from them 
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they came nearer and nearer together, and at length be. 
came co- incident 5 and afterwards when I went ftill further 
off, they parted again in a contrary order, the violet by a 
greater Refraction being carried beyond the red. 

Exper. 8. In Summer when the Suns Light ufes to 
be ftrongeft, I placed a Prifm at the. hole of the Window, 
flint, as in the third Experiment, yet fo that its Axis might 
be Parallel to the Axis of the World, and at the oppofte 
Wall in the Sun’s refracted Light, I placed an open Book. 
Then going Six Feet and two Inches from the Book, J 
placed there the abovementioned Lens, by which the Light 
refleaed from the Book might be made to converge and 
meet again at the diftance of fix Feet and two Inches be- 
hind the Lens , and there paint the Species of the Book 
upon a flieet of white Paper much after the manner of the 
fecond Experiment. The Book and Lens being made fail, 
I noted the place where the Paper was, when the Letters 
of the Book, illuminated by the fulleft red Light of the 
Solar Image falling upon it, did caft their Species on that 
Paper moft diftinctly $ And then I ftay’d till by the Mo- 
tion of the Sun and confequent Motion of his Image on 
the Book, all the Colours from that red to the middle of 
the blew pafs’d over thofe Letters j and when thofe Letters 
were illuminated by that blew, I noted again the place of 
the Paper when they cafi: their Species moft diftindtly upon 
it : And I found that this laft place of the Paper was nearer 
to the Lens than its former place by about two Inches and 
an half, or two and three quarters. So much fooner there- 
fore did the Light in the violet end of the Image by a grea- 
ter Refraction converge and meet , than the Light in the 
red end. But in trying this the Chamber was as dark as I 
could make it. For if thefe Colours be diluted and weak- 
ned by the mixture of any adventitious Light, the diftance 

between 
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1 <• fine Paper will not be io great. T. his 

between the places of t 5 hwe t he Colours of 

diftance in the (ecovd^*™ ^ fau£ anInch a 
natural Bodies " el _ Der fe&ion of thofe Colours. Here 
half, by reafon of 'the : i whjch are manifeftly more 

in the Colours o 1 n ? thofe G f natural Bodies, the 

full, insenfe, and lively And were the 

diftance is two Inches but that the di- 

Colours ftill more full , ' For the co l oure d 

ftance would “^Whe ^nferfain's of the Circles de- 
L t j • 1 c very brisht Clouds next the Sun s 

Bod'v intermixing with thefe Cotours, ^nd by t^ight 

Mattered by the inequalities in the polifla of the Priln , 

much compounded, that the Spec* which thofe 
faint and dark Colours, the Indigo and Vmetcaftupon 
the Paper were not diftina enough to be well obkrved. 

Exper. 9. A Prifm, whofe two Angles at its Ba e were 
equa/to one another and half right ones, _ and the tmrd 
a right one, I placed in abeam of the Sims Light let in- 
to a dark Chamber through a hole in the NVindow-fhut 
as in the third Experiment. And turning the Prifm Italy 
about its Axis until all the Light which went through one 
of its Angles and was refined by it began to be reflected 
by its Bafe , at which till then it went out or the Glals, 
I obferved that thofe Rays which had fuffered the greatelt 
Refraaion were fooner refleaed than the reft. I conceived 
therefore that thofe Rays of the refleaed Light, which 
were moft Refrangible, did firft of all by a total Reflexion 
become more copious in that Light than the left, and 
that afterwards the reft alfo, by a total Reflexion, be- 
came as copious as thefe. To try this , I made tne re- 
fleaed Light pafs through another Prifm, and being refra- 



< 5 fced by it to fall afterwards upon a flieet of white Paper 
placed at fome diftance behind it, and there by that R e - 
fea&ion to paint the ufual Colours of the Prifm. And 
then caufing the firft Prifm to be turned about its Axis as 
above, I obferved that when thofeRays which in this Prifm 
had fuffered the greateft Refra<ftion and appeared of a blew 
and violet Colour began to be totally reflected , the blew 
and -violet Light on the Paper which was moil refracted 
in the fecond Prifm received a fenfible increafe above that 
of the red and yellow, which was leaft refra&ed j and 
afterwards when the reft of the Light which was green, 
yellow and red began to be totally reflected in the firft 
Prifm, the light of thofe Colours on the Paper received as 
great an increafe as the violet and blew had done before, 
Whence ’tis manifeft, that the beam of Light reflected by 
the Bafe of the Prifm, being augmented firft by the more 
Refrangible Rays and afterwards by the lefs Refrangible 
ones, is compounded of Rays differently Refrangible. 
And that all fuch reflected Light is of the fame Nature 
with the Sun’s Light, before its Incidence on the Bafe of 
the Prifm, no Alan ever doubted : it being generally al- 
lowed, that Light by fuch Reflexions fuffers no Alteration 
-in its Modifications and Properties. I do not here take 
notice of any Refra&ions made in the Sides of the firft 
Prifm, becaufe the Light enters it perpendicularly at the 
firft Side, and goes out perpendicularly at the fecond Side, 
and therefore fuffers none. So then, the Sun’s incident 
Light being of the fame temper and conftitution with his 
emergent Light, and the laft being compounded of Rays 
differently Refrangible , the firft mull be in like manner 
compounded. 

. llluftration . In the 2 1 th Figure, A B C is the firft Prifm, 
B C its Bafe, B and C its equal Angles at the Bafe, each 

of 
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1 a ;rc Rectangular Vertex, FM a beam of: 

i « d -! g St' ta Ll a dirk Room through a hole F 

lefrefraaed Ray M H a more reftacV 

Rav MN the beam of Light reflefted from the Bafe, 
VXY’thcfaond Prifm by which this beam m paffing 
l X M, it i reftafted N t the lefs refradted Light of this 
bearn D and N J> the mote refi-afted part thereof. W hen t e 
fiill Prifm A B C is turned about its Axis aceoidmg to r 
“ e f ,hc Letters A B C, the Rays M H emerge more 
“d more obliquely out of that Prifm and at length after 
their nioft oblique Emergence are reflefted towards N, 
and going on to f do increafe the number of the Rays N p. 
Afterwards by continuing the motion of the fiift Prifm, t e 
Rays MG are alfo refleaed to N and increafe the number ot 
the Rays N t. And therefore the Light M N admits into 
its Comp o fit ion, firft the more Refrangible Rays, and then, 
the lefs Refrangible Rays, and yet after this Compofition 
is of the fame Nature with the Suns immediate Light F M, 
the Reflexion of the fpecular Bafe B C caufing no Altera- 
tion therein. 

Exper. 1 o. Two Prifms, which were alike in fhape, I 
tied fo together, that their Axes and oppofite Sides being 
Parallel, they compofed a Parallelopiped. And, the Sun 
fhining into my dark Chamber through a little hole in the 
Window-ftiut, I placed that Paral 1 clop iped in his beam at 
fome diftance from the hole, in fuch a poflure that the Axes 
of the Prifms might be perpendicular to the incident Rays, 
and that thofe Rays being incident upon the firft Side of 
one Prifm, might go on through the two contiguous Sides 
of both Prifms, and emerge out of the laft Side of the fe- 
cond Prifm. This Side being Parallel to the firft Side of 
the firft Prifm , caufed the emerging Light to be Parallel 
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to the Incident. Then, beyond thefe two Prifms I placed 
a third, which might refraCt that emergent Light, and by 
that Refraction caft the ufual Colours of the Prifrn upo n 
the oppofite Wall, or upon a Iheet of white Paper held at 
a convenient diftance behind the Prifm for that refracted 
Light to fall upon it. After this I turned the Pnrallelopiped 
about its Axis, and found that when the contiguous Sides 
of the two Prifms beeame fo oblique to the incident Rays 
that thofe Rays began all of them to be reflected , thofe 
Rays which in the third Prifm had fuffered the greateft 
ffaCtion and painted the Paper with violet and blew, were 
firft of all by a total Reflexion taken out of the tranfmittei 
Light, the reft remaining and on the Paper painting their 
Colours of Green, Yellow, Orange, and Red as before; 
and afterwards by continuing the motion of the two Prifms, 
the reft of the Rays alfo by a total Reflexion vaniftied in 
order, according to their degrees of Refrangibility. The 
Light therefore which emerged out of the two Prifms is 
compounded of Rays differently Refrangible , feeing the 
more Refrangible Rays may be taken out of it while the 
lefs Refrangible remain. But this Light being rrajeCted 
only through the Parallel Superficies of the two Prifms, if 
it fuffered any change by the RefraCtion of one Superficies 
it loft that impreffion by the contrary RefraCtion of the 
other Superficies, and fo being reftored to its priftine con- 
ftitution became of the fame nature and condition as at firft 
before its Incidence on thole Prifms 5 and therefore, before 
its Incidence, was as much compounded of Rays differently 
Refrangible as afterwards. 

llluji ration. In the 22th Figure ABC and B C D are the 
the two Prifms tied together in the form of a Paralleled 
piped, their Sides BC and CB being contiguous, and 
their Sides A B and C D Parallel. And H J K is the third 

Prifm, 
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Prifm bv which the Sun’s Light propagated through the 
hole F into the dark Chamber, and there paffing through 
thofe fide of the Prifms AB, BC CB and CD, .s refra- 
£ at O to chewhite Paper PT, fallingthem part yjon 
P bv a greater Refradtion, partly upon T by a lelsKetra 
cHoI aid partly upon R and other intermediate places by 
Sfatf ReLLns. By turning the Paralle opiped 
ACBD about its Axis, according to the order ot the Ce - 
ters A,C,D,B, at length when the contiguous Planes BC 
and CB become fufficiently oblique to the Rays F M, 
which are incident upon them at M, there will vamfh to- 
tally out of the reflated Light OPT, firft of all the molt 
refraefted Rays OP, (the reft OR and OT remaining as 
before) then the Rays O R and other intermediate ones, 
and laftly, the leaft refraCted Rays O T. For when the 
Plane B C becomes fufficiently oblique to the Rays inci- 
dent upon it, thofe Rays will begin to be totally reflect- 
ed by it towards N $ and firft the moft Refrangible Rays 
will be totally reflected (as w f as explained in the preceding 
experiment) and by confequence muft firft difappear at P, 
and afterwards the reft as they are in order totally reflect- 
ed to N, they muft difappear in the fame order at R and 
T. So then the Rays which at O fuffer the greateft Re- 
fraction, may be taken out of the Light M O whilft the reft 
of the Rays remain in it, and therefore that Light M O is 
Compounded of Rays differently Refrangible.^ And be- 
caufe the Planes A B and C D are parallel, and therefore 
by equal and contrary Refractions deftroy one anothers 
Effects, the incident Light F M muft be of the lame kind 
and nature with the emergent Light M O, and therefore 
doth alfo confift of Rays differently Refrangible. Thefe 
two Lights FM and MO, before the moft refrangible Rays 
arc feparated out of the emergent Light MO agree inCo- 

F lour, 



lour, and in all other properties id far as my obfervacion 
reaches, and therefore are defervedly reputed of the f atn 
Nature and Conftitution, and by confequence the one j s 
compounded as well as the other. But after the moft R e 
frangible Rays begin to be totally reflected, and thereby 
feparated out of the emergentLightMO that Light changes 
its Colour from white to a dilute and faint yellow, a pretty 
good orange, a very full red fucceffively and then totally 
vaniflies. for after the moft Refrangible Rays which paint 
the Paper at P u r ith a Purple Colour, are by a total re- 
flexion taken out of the Beam of light M O, the reft of 
the Colours which appear on the Paper at R and T beine 
mixed in the light M O compound there a faint yellow 
and after the blue and part of the green which appear on 
the Paper between P and R are taken away, the reft which 
appear between R and T (that is the Yellow, Oranae, Red 
and a little Green) being mixed in the Beam M O com- 
pound there an Orange 3 and when all the Rays are by re- 
flexion taken out of the Beam MO, except the leaft Refran- 
gible, which at T appear of a full Red, their Colour is 
the fame in that Beam M O as afterwards at T, the Re- 
fraction of the Prifm HJK ferving only to feparate the 
differently Refrangible Rays, without making any alteration 
in their Colours, as Jfhall be more fully proved hereafter, 
All which confirms as well the firft Propofition as the fe- 
cond. 

Scholium. If this Experiment and the former be conjoyned 
and made one, by applying a fourth Prifm VX Y to re- 
fra<ft the reflected Beam MN towards tp y the conclufion 
will be clearer. For then the light N p which in the 4th 
Prifm is more refracted, will become fuller and ftronger 
when the Light O P, which in the third Prifm H J K is 
more refraCted, vanishes at P 3 and afterwards when the left 

refract 
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- c. tv* A T iaht O T vaniflies at T,the lefs retraced Light 
taSe encreafed whilft the more refafted Light 
at ^'receives no further encreafe. And as the traced 
BeL M O in vanilhing is always of fuch a Colour as 
refi.lt from the mixture of ^ Colours which 
frilf upon the Paper PT, fo is the reflefted Beam MN al- 
ways of fuch a Colour as ought to refute from the mix- 
ture of the Colours which fall upon the Paper ft. For 
when the moft refrangible Rays are by a total Reflexion 
taken out of the Beam MO, and leave that Beam of art 
Orange Colour, the excefs of thofe Rays in the reflected 
Light, does not only make the Violet, Indigo and Blue at 
p more full, but alfo makes the Beam M N change from 
the yellowifli Colour of the Suns Light, to a pale white in- 
clining to blue, and afterward recover its yellowifli Co- 
lour again, fo foon as all the reft of the transmitted light 
MOT is reflected. 

Now feeing that in all this variety of Experiments, 
whether the trial be made inLight reflected, and that either 
from natural Bodies, as in the firft and fecond Experiment, 
or Specular, as in the Ninth 5 or in Light refraCted, and 
that either before the unequally refraCted Rays are by di- 
verging feparated from one another, and lofing their wbite- 
nefs which they have altogether, appear feverally of feve- 
ral Colours, as in* the fifth Experiment 3 or after they are 
feparated from one another, and appear Coloured as in the 
fixth, feventh, and eighth Experiments $ or in Light tra- 
jeCted through Parallel fuperficies, deftroying each others 
Effects as in the 1 oth Experiment ; there are always found 
Rays, which at equal Incidences on the fame Medium fu£- 
<f f r unec l ua l Refractions, and that without any fpiicting or 
dilating of Angle Rays, or contingence in the inequality 
of the Refractions, as is proved in the fifth and fixth Ex- 

f 1 periments * 
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perirnents$ and ieeing the Rays which differ in Refrangibj* 
lity may be parted and for ten from one another, and that 
either by Refraaion as in the third Experiment, or by R e - 
flexion as in the tenth, and then the feveral forts apart at 
equal Incidences fuffer unequal Refraaions, and thofe forts 
are more refraaed than others after feparation, which were 
more refraaed before it, as in the frxth and following £ x , 
periments, and if the Sun s Light be trajeaed through three 
or more crofs Prifms fucceflively, thofe Rays which in the 
firfl Prifm are refraaed more than others are in all the fol- 
lowing Prifms, refraaed more then others in the fame rate 
and proportion, as appears by the fifth Experiment* its 
manifeft that the Sun’s Light is an Heterogeneous mixture of 
Rays, fome of which are conftantly more Refrangible then 
others;, as was to be propofed. 

PROP . III. Theor. III. 



lie Suns Light confifis of <I{ays differing in flexibility , ml 

thofe %ays are more ^flexible than others which are more 
frangible, 

T HIS is manifeft by the ninth and tenth Expert 
ments : For in the ninth Experiment, by turniof 
the Prifm about its Axis, until the Rays within it which is 
going out into the Air were refraaed by its Bafe, became 
fo oblique to that Bafe, as to begin to be totally reflected 
thereby ; thofe Rays became firfr of all totally reflected, 
which before at equal Incidences with the reft had Offered 
the greateft Refraaion. And the fame thing happens in 
the Reflexion made by the common Bafe of the two Prifos 
in the tenth Experiment, 

f:\ot 



C 4-5 3 

p ROT. IV- Prob. L 

To fef.au fnm ~ ****** 0/ 

J r Compound Light, 

r-p HE Httf ogeneous Rays are 

1 rated from one ano y rru Experiment 

? rlfm , ln 1 “eReftiUnear Tides of 

by taking away the 1 en in tho f e very Rectili- 

thC ^tSt edges of 'the Image becotJs perfect. 

BuTin all places between thofe rectilinear edges, tho e in- 
numcrable P Circles there deferibed, which are feverally illu- 
minated by Homogeneral Rays, by mcerfer '''S "" 1 °g 
another, and being every where comimxt do render ™ 

Right fufficiently Compound. But if thefe Circ es, w 
their Centers keep their diftances and pofitions, could be 

made lefs in Diameter, their interfering one with another 

and by confequenee the mixture of the Heterogeneous 
Rays would be proportionally diminiflied. In the aithfjg; 15 . 
Figure let AG, B H, CJ, D K, EL, F M be the Circles 
W&ch fo many forts of Rays flowing from the fameDffque 
of the Sun, do in the third Experiment illuminate 5 of all 
which and innumerable other intermediate ones lying in a 
continual Series between the two Rectilinear and Parallel 
edges of the Sun’s oblong Image P T, that Image is com- 
poled as was explained in the fifth Experiment. And let 
ag, b h } ci, dk> el, fm be fo many lefs Circles lying in 
a like continual Series between two Parallel right Lines a f 
and g m with the fame diftances between their Centers, 
and illuminated by the fame forts of Rays, that is the 
Circle ag with the fame fort by which the correfponding 



w 

Circle AG was illuminated, and the Circle bh with the fame 
fort by which the correfponding Circle BH was illuminated 
and the reft of the Circles c i y d el, f m refpe<ftiv e k- 
with the fame forts of Rays by which the feveral corre- 
iponding Circles CJ, D K, EL, FM were illuminated. 
In the Figure P T compofed of the greater Circles, three 
of thofe Circles A G, B H, C J, are fo expanded into one 
another, that the three forts of Rays by which thofe Cir. 
cles are illuminated, together with other innumerable forts 
of intermediate Rays, are mixed at Q.R in the middie of 
the Circle B H. And the like mixture happens through- 
out almoft the whole length of the Figure P T. Butin 
the Figure p t compofed of the lefs Circles, the three lefs 
Circles ag 1 b h, c i, which anfwer to thofe three greater, do 
not extend into one another 5 nor are there any where 
mingled fo much as any tw r o of the three forts of Rays 
by which thofe Circles are illuminated, and which in the 
Figure P T are all of them intermingled at B Hr 

Now he that fhall thus confider it, will eafily underftatid 
that the mixture is diminifhed in the fame Proportion 
with the Diameters of the Circles. If the Diameters of 
the Circles whilft their Centers remain the fame, be made 
three times lefs than before, the mixture will be alfo three 
times lefs 5 if ten times lefs, the mixture will be ten times 
lefs, and lo of other Proportions. That is, the mixture 
of the Rays in the greater Figure P T will be to their mix* 
cure in the lefs p t , as the Latitude of the greater Figure is 
to the Latitude of the lefs. For the Latitudes of thefe Fi- 
gures are equal to the Diameters of their Circles. And 
hence it eafily follows, that the mixture of the Rays in the 
refra&ed 'Spectrum p t is to the mixture of the Rays in the 
direct and immediate Light of the Sun, as the breadth of 
that Spectrum is to the difference between the length and 
breadth of the fame Spe&rum- So 
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So then if we would diminifli the mixture of the Rays, 
» S re to ’d minift the Diameters of the Circles. Now 
thefe would be diminifhed if the :Sun . Diameter to which 
h i anfwer could be made lefs than it is, or (which comes 
lo the fame purpofe) if without Doors, at a great diftance 
from the Prifm towards the Sun, fome opake body were 
placed with a round hole in the middle of it, to intercept 
all the Suns Light, excepting fo much as coming from 
the middle of his Body could pafs through that hole to 
the Prifm. For fo the Circles A G, B H and the reft, 
would not any longer anfwer to the whole Difque of the 
Sun , but only to that part of it which could be feen 
from the Prifm through that hole, that is to the apparent 
magnitude of that hole viewed from the Prifm. But that 
thefe Circles may anfwer more diftin< 5 tly to that hole a 
Lens is to be placed by the Prifm to caft the Image of the 
hole, (that is, every one of the Circles A G, B H, tec.) di- 
ftin<ftly upon the Paper at P T, after fuch a manner as by 
a Lens placed at a Window the Species of Objects abroad 
are caft diftin&ly upon a Paper within the Room, and the 
Rectilinear Sides of the oblong folar Image in the fifth 
Experiment became diftinCt without any Penumbra. If 
this be done it will not be necelfary to place that hole 
vet ; y far off, no not beyond the Window. And therefore 
inftead of that hole, I- ufed the hole in the Window-fhut 
as follows. 

Exper. 11. In the Sun’s Light let into my darkned 
Chamber through a ftnall round hole in my Window- 
fbut, at about 10 or \i Feet from the Window, I placed 
a Lens, by which the Image of the hole might be di- 
ftinftly caft upon a flieet of white Paper, placed at the 
diftanee of fix, eight, ten or twelve Feet from the Lens 
For according to the difference of the Lenfes I ufed various 

diftances. 
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diftances , which I think not worth the while to defcrit c 
Then immediately after the Lens I placed a Prifm, by 
which the traje&ed Light might be refracted either up- 
wards or Tideways, and thereby the round Image which 
the Lens alone did caft upon the Paper might be drawn 
out into -a long one with Parallel Sides , as in the third 
Experiment. This oblong Image I let fall upon another 
Paper at about the fame diftance from the Prifm as be- 
fore, moving the Paper either towards the Prifm or from 
it, until I found the juft diftance where the Re&ilinear 
Sides of the Image became moft diftindt. For in this cafe 
the . circular Images of the hole which compofe that Image 
after the fame manner that the Circles ag, bh , ci, 8 cc. do 
Fig. 23. the Figure pt, were terminated moft diftindtly without any 
Penumbra, and therefore extended into one another the 
leaft that they could, and by conference the mixture of 
the Heterogeneous Rays was now the leaft of all. By this 
'Fig. % 3 , means I ufed to form an oblong Image (fuch as is p t) of 
and 24. circular Images of the hole (fuch as are ag , bh , ci, &c.) 
and by ufing a greater or lefs hole in the Window-Ihut, [ 
made the circular Images ag, bh, c i, &c. of which it was 
formed, to become greater or lefs at pleafure, and thereby 
the mixture of the Rays in the Image pt to be as much 
or as little as I defired. 

Fiv. 24. Illuft ration. In the 24th Figure, F reprefents the circular 

hole in the Window- (hut, MN the Lens whereby the 
Image or Species of that hole is call diftinctly upon a 
Paper at J, ABC the Prifm whereby the Rays are at their 
emerging out of the Lens refracted from J towards ano- 
ther Paper at p t y and the round Image at J is turned into 
an oblong Image p t falling on that other Paper, This 
Image p t confifts of Circles placed one after another in a 
Re.< 5 tilincar order, as was fufficiently explained in the fifth 

Experiment j 
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£rner iment . and thefe Circles are equal to the Circle I, 
E f corfequendy anfwer in Magnitude to the hole F , and 
drifting that hole they may be at pleafure 
KShed 7 whil’ft their Centers remain tn their places. 
By this means I made the breadth of the Image f t to > e 
city times, and fometimes fixty or feventy times lefs than 
its length. As for inftance, if the breadth of the ho c 
be 1 of an Inch, and MF the diftance of the Lens from 
the' hole be • a Feet , and if f B or f M the diftance of 
rhe Ima^e pt from the Prilm or Lens be 10 Feet, and the 
refracting Angle of the Prifm be 6 z degrees, the breadth 
of the linage f t will be ~ of an Inch and the length about 
fix Inches, and therefore the length to the breadth as 72 
to i , and by confequence the Light of this Image 7 1 times 
lefs compound than the Sun’s direct Light. And Light 
thus far Simple and Homogeneal, is fufficient for trying 
all the Experiments in this Book about fimple Light. For 
the compolmon of Heterogeneal Rays is in this Light fo 
little that it is fcarce to be difeovered and perceived by 
fenfe, except perhaps in the Indigo and Violet j for thefe 
being dark Colours, do eafily fuifer a fenfible allay by that 
little Mattering Light which ufes to be refratfted irregularly 
by the inequaliceis of the Prilm. 

Yet inftead of the circular hole F, tis better to fubfti- 
tute an oblong hole fhaped like a long Parallelogram 
with its length Parallel to the Prifm ABC. For if this 
hole be an Inch or two long, and but a tenth or twentieth 
part of an Inch broad or narrower : the Light of the Ima^e 
p t will be as Simple as before or fimpler, and the Image 
will become much broader, and therefore more fit to have 
Experiments tried in its Light than before. 

Inftead of this Parallelogram-hole may be fubftituted a 
Triangular one of equal Sides, whofe Bafe for inftance 
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about the tenth part of an Inch, and its height an Inch 
more. For by this means , if the Axis of the p r jfl i° r 
Parallel to the Perpendicular of the Triangle , the 
Fig. 45. pt will now be formed of Equicrural Triangles ag bh' 
df, e /, /ra, Sec. and innumerable other intermediate 5 
anfwering to the Triangular hole- in fhape and bignefs and 
lying one after another in a continual Series between V 
Parallel Lines af and g m. Thefe Triangles are a li tt j° 
intermingled at their Bafes but not at their Vertices anj 
therefore the Light on the brighter fide af of the Itnao- 
where the Bafes of the Triangles are is a little compounded 
but on the darker fide^wi is altogether uncompounded 
and in all places between the fides the Compolition is 
Proportional to the diftances of the places from that ob 
feurer fide g m. And having a Spectrum p t of fuch a 
Compofition, we may try Experiments either in its ftronger 
and lefs fimple Light near the fide a /, or in its weaker 
and fimpler Light near the other fide as it {hall feem 
moft convenient. 

But in making Experiments of this kind the Chamber 
ought to be made as dark as can be, leaft any forreign 
Light mingle it felf with the Light of the Spe&rum pt, 
and render it compound ; efpecially if we would try Ex. 
periments in the more fimple Light next the fide gmd 
the Spectrum 5 which being fainter, will have a lefs Pro- 
portion to the forreign Light, and fo by the mixture of 
that Light be more troubled and made more compound. 
The Lens alfo ought to be good, fuch as may ferve for 
Optical Ufes, and the Prifm ought to have a large Angle, 
fuppofe of 70 degrees, and to be well wrought, being 
made of Glafs free from Bubbles and Veins, with its fids 
not a little Convex or Concave as ufually happens bur 
truly Plane, and its pollifh elaborate, as in working Optick- 

glafies. 
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-uffes and not fuch as is ufually wrought with Putty, 
whereby the edges of the Sand-holes being worn away 
there are left all over the Glafs a numberlefs company of 
verv little Convex polite rifings like Waves. The edges 
alfo of the Prifm and Lens fo far as they may make any 
irregular Refraction, muft be covered with a black Paper 
slewed! on. And all the Light of the Sun s beam let into 
The Chamber which is ufelefs and unprofitable to the Ex- 
periment, ought to be intercepted with black Paper or other 
black Obftacles. For otherwife the ufelefs Light being 
reflected every way in the Chamber , will mix with the 
oblong Spectrum and help to difturb it. In trying thefe 
things fo much Diligence is not altogether neceffary, but 
it will promote the fuccefs of the Experiments, and by a 
very fcrupulous Examiner of things deferves to be applied* 
Its difficult to get glafs Prifms fit for this purpofe , and 
and therefore I ufed fometimes Prifmatick Velfiels made 
with pieces of broken Looking- glaffes, and filled with rain 
Water. And to increafe the Refraction, I fometimes im- 
pregnated the Water ftrongly with Sacchartmi Saturn's. 

PROP. V. Theor. IV. 



Homgeneal Light is ref ratted regularly without any 'Dilatation 
/putting or Jluttering of the //ays , and the corf ufed Vtpon 
of Objects feen through fef rating (Bodies by Heterogeneal 
Ugh arijes from the different Dyfrangibdity of federal forts 
of d{ays. 

T H E firft Part of this Propofition has been already 
lurhciently proved in the fifth Experiment, and will 
further appear by the Experiments which follow. 

^ 2 Exper. t2. 
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Exper, 12. In the middle of a black Paper I m ,j 
round hole about a fifth or fixth part of an Inch i n Ty * 
meter. Upon this Paper I caufed the Spettrum of Ho 
geneal Light defcribed in the former Propofition 
fall, that fotne part of the Light might pafs through V 
hole of the Paper. This tranfmitted part of the Lioh ^ 
refradled with a Prifm placed behind the Paper, ancfle * 
ting this refradted Light fall perpendicularly upon a W L 
Paper two or three Feet diftant from the Prifm, 
that the Spedrum formed on the Paper by this Light was 
not oblong, as when us made (in the third Experiment) 
by Refratting the Sun’s compound Light, but was (fo f ar 
as I could judge by my Eye) perfe&ly circular, the length 
being no greater than the breadth. Which fliews that this 
Light is refracted regularly without any Dilatation of the 
Rays. 

Exper. 15, In the Homogeneal Light I placed a Circle 
of £ of an Inch in Diameter, and in the Sun’s unrefra&ed 
Heterogeneal white Light I placed another Paper Circle of 
the fame bignefs. And going from the Papers to the diftanct 
of fomeFeet, I viewed both Circles through a Prifm. The 
Circle illuminated by the Sun s Heterogeneal Light appear- 
ed very oblong as in the fourth Experiment , the length 
being many times greater than the breadth : but the other 
Circle illuminated with Homogeneal Light appeared Cir- 
cular and diftindtly defined as when ’tis viewed with the 
naked Eye. Which proves the whole Propofition. 

Exper. 1 4. In the Homogeneal Light I placed Flies and 
fuch like Minute Objects, and viewing them through a 
Prifm , I faw their Parts as diftindtly defined as if I had 
viewed them with the naked Eye. The fame Objedts pla- 
ced in the Sun’s unrefradted Heterogeneal Light which was 
whitel viewed alfo through a Prifm, and faw them moll 

confufedly 
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confufedly defined, fo thatlcould not diftinguifl, their fmal- 
“/parts Lm one another. I placed alfo the Letters of a 
fill Print one while in the Homogeneal Light . anc I then 
in the Heterogeneal, and viewing them through a Prrfn^ 
they appeared in the latter cafe fo confuted and indiftmO; 
that I could not read them 5 but in the former they ap- 
peared fo diftindt that I could read readily and thought 
I faw them as diftina as when I viewed them with my 
naked Eye. In both cafes I viewed the fame Objects 
through the fame Prifm at the fame diftance from me and 
in th/fame Situation. There was no difference but in the 
Light by which the Objects were illuminated , and which 
in one cafe was Simple and in the other Compound, and 
therefore the diftindt Vifion in the former cafe and confu- 
fed in the latter could arife from nothing elfe thaif from 
that difference of the Lights. Which proves the whole 
Propofition. 

And in thefe three Experiments it is further very remar- 
kable, that ‘the Colour of Homogeneal Light* was never 
changed by the Refraction. 

PROP. YI. Theor. V. 



The Sine of Incidence of every $(ay confidered apart , is to its Sine 
of (Refra&ion in a given ^ atio . 

T HAT every Ray confidered apart is conftant to 
it fell in fome certain degree of Refrangibiiity, is 
fufficiently manifeft out of what*" has been faid. Thofe 
Rays which in the firft Refradtion are at equal Incidences 
mofl: reflated, are alfo in the following Refractions at 
equal Incidences moll refradted ; and fo of the leaft Re- 
Tangible-, and the reft which have any mean degree of 

Refran— 



- 



- 



[ 5 +] 

Refrangibility, as is manifeft by the 5 th, 6th, 7t ^ * , 
and 9th Experiments. And thofe which the fuft t i’ m 
like Incidences are equally refracted, are again at 1R C 
cidcnces equally and uniformly refradted , "and that wh 11 " 
ther they be refradted before they be feparated from C * 
another as in the 5 th Experiment, or whether they be^ 
fradted apart, as in the 1 2th, 1 3 th and 14th Experiments* 
The Refradtion therefore of every Ray apart is retruia ' 

and what Rule that Refradtion oblerves we 3 

n c dr c now 

to ihew. 

The late Writers in Opticks teach, that the Sines of In 
cidence are in a given Proportion to the Sines of Refra. 
dtion, as was explained in the 5 th Axiom 5 and fome bv 
Inflruments fitted for meafuring Refradtions, or otherwifc 
experimentally examining this Proportion, do acquaint ns 
chat they have found it accurate. But whilft they, not 
underftanding the different Refrangibility of feveral Rays 
conceived them all to be refradted according to one and 
the fame Proportion, ’tis to be prefumed that they adapted 
their Meafures only to the middle of the refradted Lights 
fo that from their Meafures we may conclude only tliat 
the Rays which have a mean degree of Refrangibility , 
that is thofe which when feparated from the reft appear 
green, are refradted according to a given Proportion of 
their Sines. And therefore we are now to fhew that the 
like given Proportions obtain in all the reft. That it 
fhould be fo is very reafonable, Nature being ever confor- 
mable to her felf : but an experimental Proof is defired. 
And fuch a Proof will be had if we can fhew that the 
Sines of Refradtion of Rays differently Refrangible are 
one to another in a given Proportion when their Sines of 
Incidence are equal. For if the Sines of Refradtion of all 
the Rays are in given Proportions to the Sine of Refra&ion 
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of a Ray which has a mean degree of Refrangibility, and 
this Sine is in a given Proportion to the equal Sines of 
Incidence, thofe other Sines of Refradtion will alfo e in 
given Proportions to the equal Sines of Incidence. Now 
when the Sines of Incidence are equal, it wull appear by 
the following Experiment that the Sines of Refradtion are 
In a given Proportion to one another. 

Exper. 15. The Sun fhining into a dark Chamber 
through a little round hole in the Window- fhut, let S re- 1 
prefent his round white Image painted on the oppofite 
Wall by his diredt Light, P T his oblong coloured Image 
made by refradting that Light with a Prifm placed at the 
Window 5 and pt, or ip it, or 3 f, his oblong coloured 
Image made by refradting again the fame Light fide ways 
wkh°a fecond Prifm placed immediately after the firft in 
a crofs Pofition to it, as was explained in the fifth Experi- 
ment : that is to fay, ft when the Refradtion of the fecond 
Prifm is fmall, ip it when its Refradtion is greater, and 

3 t when it is greateft. For fuch will be the diverfity 
of the Refradtions if the refradting Angle of the fecond 
Prifm be of various Magnitudes j fuppofe of fifteen or 
twenty degrees to make the Image p> t, of thirty or 
forty to make the Image ip 2 f, and of fixty to make 
rhe Image 3 p 3 t. But for want of folid Glafs Prifms with 
Angles of convenient bignefies, there may be Yelfels 
made of polifhed Plates of Glafs cemented together in the 
form of Prifms and filled with Water. Thefc things being 
thus ordered, I obferved that all the folar Images $r co- 
loured Spedtrums P T, ft, ip it, ^p 3 1 did very nearly 
converge to the place S on which the dired Light of the 
Sun fell and painted his white round Image °when the 
Prifms were taken away. The Axis of the Spectrum PT, 
that is the Line drawn through the middle of it Parallel 



to 

its 
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its Rectilinear Sides, did when produced pafs exactly thro 
the middle of that white round Image S. And whenh 
Refraction of the fecond Prifm was equal to the RefraCt' 
of the firft, the refracting Angles of them both being al ° Q 
60 degrees, the Axis of the SpeCtrum 7 ,p made bv 
RefraCtion, did when produced pafs alfo through the mid 
die of the fame white round Image S. But when the R " 
fraction of the fecond Prifm was lefs than that of the firft" 
the produced Axes of the SpeCtrums t p or % t zp ma ^ 
by that RefraCtion did cut the produced Axis of the Spe' 
Ctrum TP in the Points m and », a little beyond the Cen 
ter of that white round Image S. Whence the Proportion 
of the Line to the Line $p P was a little greater than 
thcProportion of 2 1 T to a p P, and this Proportion a little 
greater than that of tT topP. Now when the Light of 
the SpeCtrum P T falls perpendicularly upon the Wall thofe 
■Lines %t T, 3 p P, and 1 1 T, 2 p P and tT,pP^re the Tan- 
gents of the RcfraCtions $ and therefore by this Experiment 
the Proportions of the Tangents of the Refractions are ob- 
tained, h'Gm whence the Proportionsof the Sines being deriv- 
ed, they come out equal, fo far as by viewing the SpeCtrums 
and ufing fome Mathematical reafoning I could Eftimate. 
For I did not make an Accurate Computation. So then 
the Proportion holds true in every Ray apart, fo far as ap- 
pears by Experiment. And that it is accurately true may 
be demonff rated upon this Suppofition, That Bodies refract 
Light by aiding upon its (pays in Lines ^Perpendicular to their 
Surfaces. But in order to this Demonftration, I muftdi- 
ftinguifh the Motion of every Ray into two Motions, the 
one Perpendicular to the refraCting Surface, the other Pa- 
rallel to it, and concerning the Perpendicular Motion lay 
down the following Propofition. 
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. - - rhino’ whatfoever be incident 

If any Motion or an( j t hin Space termina- 

w “ h “Z^fides V two Parallel Planes, and in its paffage 
ted on both nd y d perper ,dic U larly towards the 

Plane by any for£ wLh at given diftances from 
rhe Plane is of given quantities 5 the perpendicular Velo- 
SoftbatMofion o?Thing, at its e merg.ng, out of. 
fpace fball be always equal to the Square Root 
Summ of the Square of the perpendicular Velocity of 
that Motion or Thing at its Incidence on that fpace 5 
and of the Square of the perpendicular Velocity which 
that Motion or Thing would have at its Emergence, if 
at its Incidence its perpendicular Velocity was mhnitely 

ht And the fame Propofition holds true of any Motion or 
Thins perpendicularly retarded in its pafTage through that 
fpace: if mftead of the Summ of the two Squares you take 
their difference. The Demonftration Mathematicians will 
eafily find out, and therefore I fliall not trouble the Rea- 
der with it. 

Suppofe now that a Ray coming moft obliquely in the Fig. 1 . 
Line MC be refraCted at C by the Plane RS into the Line 
CN, and if it be required to find the Line CE into which 
any other Ray AC lhall be refracted 5 let MC, AD, be 
the Sines of incidence of the two Rays, and NG, EF, their 
Sines of Refraction, and let the equal Morions of the In- 
cident Rays be reprefented by the equal Lines M C and 
AC, and the Motion MC being confidered as parallel to 
the refraCting Plane, let the other Motion AC be diftin- 
guilhed into two Motions AD and DC, one of which 
AD is parallel, and the other DC perpendicular to the re- 
fracting Surface, In like manner, let the Motions of the 
emering Rays be diftinguilh’d into two, whereof the per- 

H pendicular 
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MC 



perpendicular ones are ^ CG and ||! OF. And if* 



the 



force of the refracting Plane begins to ad upon the R 
either in that Plane or at a certain diflance from it on t£ 
one fide, and ends at a certain diftance from it 0 n th 



other fide, and in all places between thofe two Limits aft 
upon the Rays in Lines perpendicular to that rafraftj * 
Plane, and the Actions upon the Rays at equal 
from the refracting Plane be equal, and at unequal ones eF 
ther equal or unequal according to any rate whatever' 
that motion of the Ray which is Parallel to the refra&ir/ 
Plane will fuffer no alteration by that force $ and that mo- 
tion which is perpendicular to it will be altered accordinc 
to the rule of the foregoing Propofition, If therefore f 0 ? 
the perpendicular Velocity of the emerging Ray CN von 

MC DO/ /YU 



write CG as above, then the perpendicular Veloci 



of any other emerging Ray CE which was ^ CF, will be 



city 



equal to the fquare Root of CD^ + CGq. And 

by fquaring thefe equals, and adding to them the Equals 
AD <7 and MCfj— CD^, and dividing the Summs by the 
Equals CF^+ EF^ and CG^rq- NG^, you will have 

L7? equal to Whence AD, the Sine of Incidence, 

is to EF the Sine of Refradtion, as MC to NG, that is, 
in a given ratio. And this Demonftration being general, 
without determining what Light is, or by what kind of 
force it is refradted, or afliiming any thing further than 
that the refradling Body aCts upon the Rays in Lines per- 
pendicular to its Surface $ I take it to be a very convincing 
Argument of the full Truth of this Propofition. 
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t W if the ratio of the Sines of Incidence and Re- 
fr ion of any fort of Rays be found in any one Cafe ns 
in ail Cafes; and this may be teaddy found by the 
Method in the following Propofition. 

T ROT. VII. Theor. VI. 

He iPerfeBm of Tilt/. 'copes is impeded by the different Ref ran- 
gthility of the- dtyys of Light. 

T H E imperfection of Telefcopes is vulgarly attri- 
buted to the fpherical Figures of the Glafies, and 
therefore Mathematicians have propounded to Figure them 
by the Conical Sections. To fhew that they are mifta- 
ken, I have inferred this Propofitionj the truth of which 
will appear by the meafures of the Refradtions of the feve- 
ral forts of Rays 5 and thefe meafures I thus determine. 

In the third experiment of the firft Book, where the re- 
fradiing Angle of the Prifm was 6 % ‘ degrees, the half of 
that Angle 3 1 deg. 1 5 min. is the Angle of Incidence of 
the Rays at their going out of the Glafs into the Air 5 and 
the Sine of this Angle is 5188, the Radius being 10000. 
When the Axis of this Prifm was parallel to the Horizon, 
and the Refradlion of the Rays at their Incidence on this 
Prilm equal to that at their Emergence out of it, I obferved 
with a Quadrant the Angle which the mean refrangible Rays 
(thatis, thofe which wentto the middle oftheSuns colour- 
ed Image ) made with the Horizon and by this Ancde and 
the Sun’s altitude obferved at the fame time, I found the 
Angle which the emergentRays contained with the incident 
to be 44 deg. and 40 mm. and the half of this Angle ad- 
ded to the Angle of Incidence 3 1 deg. 1 5 min, makes the 



3 

H 



Angle 
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Angle of Refraftion, which is therefore 5 ; deg. $ 5 m in. and 
its Sine 8047. Thefc are the Sines of Incidence and Re. 
fra&ion of the mean refrangible Rays, and their proportion 
in round numbers is 20 to 3 1 . This Glafs was of a colourin. 
dining to green. The laft of the Prifms mentioned in the 
third Experiment was of clear white Glafs. Its refra&ina 
Angle 61I degrees. The Angle which the emergent Rays 
contained, with the incident 45 deg. 5 0 min. The Sine of 
half the firft Angle 5262. The Sine of half the Sumtn 
of the Angles 8157. And their proportion in round num- 
bers 20 to 5 1 as before. 

From the Length of the Image, which was about 9! 0 r 
t o Inches, fubdutt its Breadth, which was 2 -J Inches, and 
the Remainder 7 J Inches would be the length of the Image 
were the Sun but a point, and therefore fubtends the An- 
gle which the moft and leaft refrangible Rays, when inci- 
dent on the Prifm in the fame Lines, do contain with one 
another after their Emergence. Whence this Angle is 
2 deg. o.' 7." For the diftance between the Image and the 
Prifm where this Angle is made, was 1 8 ~ Feet, and at that 
diftance the Chord 7^ Inches fubtends an Angle of 2 deg, 
o.' 7." Now half this Angle is the Angle which thefe e> 
mergent Rays contain with the emergent mean refrangible 
Rays, and a quarter thereof, that is 30. 2. may be ac- 
counted the Angle which they would contain which the 
fame emergent mean refrangible Rays, were they co-inct- 
dent to them within the Glafs and fuffered no other Re- 
fradion then that at their Emergence. For if two equal 
Refradtions the one at the incidence of the Rays on the 
Prifm the other at their Emergence, make half the Angle 
, dee Q-' 7." then one of thofe Refractions will make 
about a quarter of that Angle, and this quarter added to 
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and (ubdufted front the Angle of Aemean 



and fubdudled from ‘ the A n- 

r f a of Reffin of the moft lnd kaft _r Jangible Rays 

gies ofRehattio w hofe Sme? are 80951 

54 eg- 5 ‘ I m 5 mon Angle of Incidence being ; 1 deg. 

an 79 ?h Sine s 1 88 • andThefe Sines in the leaft round 
Semen to one another as 7 8 and 77 



Now if you fubdudt the common Sine of Incidence 50 
from the Sines of Refradlion 77 and 7 8, the remain eis 
17 and 18 fhew that in fmall Reftadtions the Refraftion 
of the leaft refrangible Rays is to the Refraftion of 1 the mo. 
refrangible ones as i 7 to a 8 very nearly, and hat the dif- 
ferent? of the Refractions of the leaft refrangible and moft 
refrangible Rays is about the i 7 -;th part of the whole Re- 

fraction of the mean refrangible Rays. 

Whence they that are skilled in Opticks will eahly unw 
derftand, that the breadth of the leaft circular (pace into 
which Object- Glaftes ofTelefcopes can collect all forts ot 
Parallel Rays, is about the 27-th part of half the aperture 
of the Glafs, or 55 th part of the whole aperture 5 and 
that the Focus of the moft refrangible Rays is nearer to the 
Object- Glafs than the Focus of the leaft refrangible ones, by 
about the 27‘th part of the diftance between the Object- 
GJafs and the Focus of the mean refrangible ones. 

And if Rays of all forts, flowing from any one lucid point 
in the Axis of any convex Lens, be made by the Refraction 
of the Lens to converge to points not too remote from the 
Lens , the Focus of the moft refrangible Rays fhall be 
nearer to the Lens than the Focus of the leaft refrangible 
ones, by a diftance which is to the 27^th part of the di- 
ftance of the Focus of the mean refrangible Rays from the 
Lens as the diftance between that Focus and the lucid 



point 
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point from whence the Rays flow is to the diftance K 
tween that lucid point and the Lens very nearly. e * 

Now to examine whether the difference between the Re 
fractions which the moft refrangible and the leaft refra^ 
gible Rays flowing from the fame point fuffer in the Ob* 
jed-Glafl'es of Telefcopes and fuch like Gla(fes, be fo a rca * 
as is here defcribed, I contrived the following Expeii 
ment. 

Expcr. 1 6. The Lens which I ufed in the fecond and 
eighth Experiments, being placed fix Feet and an Inch dif. 
rant from any Object, colleded the Species of that Objeft 
by the mean refrangible Rays at the diftance of fix Feec 
and an Inch from the Lens on the other fide. And there, 
fore by the foregoing Rule it ought to collect the Speciesof 
that Objed by the leaft refrangible Rays at the diftance of 
fix Feet and 3 | Inches from the Lens, and by the moft re, 
frangible ones at the diftance of five Feet and toj Inches 
from it : So that between the tw o Places where thefe lead 
and moft refrangible Rays collect the Species, there may 
be the diftance of about 5-’ Inches. For by that Rule, as 
fix Feet and an Inch ( the diftance of the Lens from the 
lucid Object ) is to twelve Feet and two Inches ( the di- 
ftance of the lucid Object from the Focus of the mean re* 
frangible Rays) that is, as one is to two, fo is the ijltli 
part of fix Feet and an Inch (the diftance between the Lens 
and the fame Focus ) to the diftance between the Focus of 
the moft refrangible Rays and the Focus of the leaft re- 
frangible ones, which is therefore 5 ^ Inches, that is very 
nearly 5* Inches. Now to know whether this meafure 
was true, I repeated the fecond and eighth Experiment of 
this Book with coloured Light, which was lefs compound- 
ed than that I there made ufe of : For I now feparated the 

hetero* 



, „ rn£ , ene0 us Rays from one another by the Method I de- 
fer So the . ith Experiment, fo as to make a coloured 
Sneftrum about twelve or fifteen t.mes longer than broad, 
a his Spectrum I call on a printed book and placing the 
above-mentioned Lens at the diftance of 1 .x Feet and an 
Inch from this Speftrum to colleft the Species of the illu- 
minated Letters at the fame diftance on the other fide I 
found that the Species of the Letters illuminated with Blue 
were nearer to the Lens than thofe illuminated with deep 
Red by about three Inches or three and a quarter : but the 
Species of the Letters illuminated with Indigo and Violet 
appeared fo confufed and indiftind, that I could not read 
them : Whereupon viewing the Prifm, I found it was full 
of Veins running from one end of the Glafs to the other j 
fo that the Refradion could not be regular. I took ano- 
ther Prifm therefore which was free from Veins, and in- 
ftead of the Letters I ufed two or three Parallel black Lines 
a litrle broader than the ftroakes of the Letters, and caft- 
ina the Colours upon thefe Lines in fuch manner that the 
Lines ran along the Colours from one end of the Spedum 
to the other, I found that the Focus where the Indigo, or 
confine of this colour and Violet call: the Species of the 
black Lines moft diftindly,tobe about 4 Inches or 4I near- 
er to the Lens than the Focus where the deepeft Red caft 
the Species of the fame black Lines moft diftindly. 
The violet was fo faint and dark, that I could not 
difeern the Species of the Lines diftinctly by that Co- 
lour ; and therefore confidering that the Prifm was made 
of a dark coloured Glafs inclining to Green, I took another 
Pifm of clear white Glafs 3 but the Spedrum of Colours 
which this Prifm made had long white Streams of faint 
Light (hooting out from both ends of the Colours, which 
made me conclude that (omething was amils j and view- 
ing 
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ing the Prifm, I found two or three little Bubbles in t 
Glafs which refracted the Light irregularly. Where foi 
covered that part of the Glafs with black Paper, and k 
ting the Light pafs through another part of it which w‘ 
free from fuch Bubles, the Speftrum of Colours becarnc 
free from thofe irregular Streams of Light, and was now 
fuch as I de fired. But ft ill I found the Violet fo dark and 
faint, that I could fcarce fee the Species of the Lines by c h 
Violet, and not at all by the deepeft part of it, which was 
next the end of the Spedtrum. I fufpedted therefore that 
this faint and dark Colour might be allayed by that feat, 
tcring Light which was refracted, and refledted irregularly 
partly by fome very fmall Bubbles in the Glaffis and 
partly by the inequalities of their Polifh : which Light, 
tho’ it was but little, yet it being of a White Colour 
might fuftice to affect the Senfe fo ftrongly as to difturt 
the Phenomena of that weak and dark Colour the Violet, 
and therefore I tried, as in the 12th, 13 th, 14th Expert 
ments, whether the Light of this Colour did not conffftof 
a fenlible mixture of heterogeneous Rays, but found it did 
not. Nor did the Refractions caufe any other fenfibh 
Colour than Violet to emerge out of this Light, as they 
would have done out of White Light, and by con. 
fequence out of this Violet Light had it been fend. 
bly compounded with White Light. And therefore I con- 
cluded, that the reafon why I could not fee the Species of 
the Lines diftindtly by this Colour, was only the darknef; 
of this Colour and Thinnefs of its Light, and its did 
tance from the Axis of the Lens 5 I divided therefore thofe 
Parallel Black Lines into equal Parts, by which I miglir 
readily know the diftances of the Colours in the Spe&nim 
from one another, and noted the diftances of the Lens 
from the Foci of fuch Colours as caft the Species of the 

Lines 



k 



[*$] 

anc | then confidered whether the diffe- 
L, n es ^ lft ' n ? 1 y ftance s bear fuch proportion to 5 , -Inches, 
rence of thofe d diftances which the Foci of 

the ^t to have from the Lens, 

the deepeft Re J obferved Colours from one another 
as the diftance Oc diftance of the deepeft Red 

intheSpetom fides of the Spefl- 

and Violet G f tho fe fides or exccfs of the 

length of "the Spectrum above its breadth. And my O - 

fCr WheTl SS'ompared the deepeft fcnfibleRed 
and the colour in the confine of Green and Blue which 
a : that reftilinearfides of the Spectrum was diftant from it 
half the length of thofe fides, the Fools where the confine 
of Green and Blue caft the Species of the Lines diftmdUy 
on the Paper, was nearer to the Lens then the Focus where 
the Red caft thofe Lines didinaly on it by about z- or 
z J Inches. For fometimes the Meafures were a little grea- 
ter fometimes a little lefs, but feldom varied from one 
another above { of an Inch. For it was very difficult to 
define the Places of the Foci, without fome little Errors. 
Now if the Colours diftant half the length of the Image, 
( meafured at its rectilinear fides ) give z'- or z ^ difference 
of the diftances of their Foci from the Lens, then the Co- 
lours diftant the whole length ought to give 5 or 5 J Inches 
difference of thofe diftances. 

But here it’s to be noted, that I could not fee the Red 
to the full End of the Spe&rum, but only to the Center 
of the Semicircle which bounded that End, or a little far- 
ther j and therefore I compared this Red not with that Co- 
lour which was exactly in the middle of the Spedtrum, or 
confine of Green and Blue, but with that which verged a 
little more to the Blue than to the Green : And as I reck- 

I oned 
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oned the whole length of the Colours not tobe thewk^f 
length of the Spectrum, but the length of its 
fides, fo completing the Semicirlar Ends into Circles wh^ 
either of the obferved Colours fell within thofe Circles ^ 
meafured the diftance of that Colour from the End of X 
Spedrum, and fubduding half the diftance from the vatz 
fured diftance of the Colours, I took the remainder f 0 * 
their corrected diftance 5 and in thefe Obfervations 
down this corrected diftance for the difference of their di 
fiances from the Lens. For as the length of the rectilinear 
fides of the Spedrum would be the whole length of all the 
Colours, were the Circles of which ( as we fhewed) that 
Spedrum confifts contracted and reduced to Phyikal 
Points, fo in that Cafe this corrected diftance would be tie 
real diftance of the obferved Colours. 

When therefore I further obferved the deepeftfenfible Ked 
and that Blue whofe corrected diftance from it was l parts 
of the length of the redilinear fides of the Spedrum, tit 
difference of the diftances of their Foci from the Lens was 
about 3** Inches, and as 7 to 1 2 fo is 3-- to 5 i. 

When I obferved the deepeft fenfible Red, and that Indi- 
go whofe corrected diftance was A or | of the length of tit 
redilinear fides of the Spedrum, the difference of the di- 
ftances of their Foci from the Lens, was about 3 * Inches, 
and as 2 to 3 fo is 3 *-to 

When I obferved the d’eepeft fenfible Red, and that deep 
Indigo whofe correded diftance from one another was J or 
a of thq length of the redilinear fides of the Spedum, tie 
difference of the diftances of their Foci from the Lens was 
about 4 Inches 3 and as 3 to 4 fo is 4 to 5 j. 

When I obferved the deepeft fenfible Red, and that part 
of the Violet next the Indigo whofe correded diftance from 
the Red was g or ; of the length of the redilinear fides of 

the 
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. c-eftniin" the difference of the difbnces of then Foci 
from^fi-ens was about 4 { Inches 5 and as , to d, fo * 
IT” , r. For fometimes when the Lens was advantage 
miHv placed fo that its Axis refpeded the Blue, an a 
thiiwsTlfe were well ordered, and theSun Ihone clear and 
I hefi mv Eye very near to the Paper on which the Lens 
lift the Spades of Ihe Lines, I could fee pretty d.ftmedv 
the Species of thofe Lines by that part of the Violet which 
was next the Indigo ; and fometimes I could fee than by 
above half the Violet. For in making thefe Experiments 
I had obferved, that the Species of thofe Colours only ap- 
pcared diftincc which were in or near the Axis or the Lens - 
So that if the Blue or Indigo were in the Axis, I could lee 
their Species diftinctly j and then the Red appeared muc 
lefs diftinct than before. Wherefore I contrived to make 
the Spectrum of Colours (hotter than before, io that both 
its Ends might be nearer to the Axis of the Lens. And 
now its length was about 2 1 Inches and breadth about -or 
} of an Inch. Alfo inftead of the black Lines on which the 
Spectrum was caft, I made one black Line broader than 
thofe, that I might fee its Species more eafily 5 and this 
Line I divided by fhort crofs Lines into equal Parts, for 
meafuringthe diftances of the obferved Colours. And now 
I could fometimes fee the Species of this Line with its divi- 
fions almoft as far as the Centers ot the Semicircular Violet 
End of the Spectrum, and made- thefe further Obfervations. 

When I obferved the deepeft fenfible Red, and that part 
of the Violet whofe corrected diftance from it was about 
\ Parts of the redilinear fides of the Spedrum the difference 
of the diftances of the Foci of thofe Colours from the Lens, 
was one time 4^ another time 4J, another time 4}, Inches, 
and as 8 to 9, fo are 4!, 4^, 4|, to 5^, ygyg refpedively. 

I 2 When 
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When I obferved the deepcft fenfible Red, and deepeft 
fenfible Violet* (the corrected diftance of which Colours 
when all things were ordered to the beft advantage, and the 
Sun Phone very clear, was about ^ or ~ parts of the length 
of the rectilinear fides of the coloured Spectrum, ) I found 
the difference of the diftances of their Foci from the Lens 
lometimes 4^ fometimes 5-, and for the moft part 5 Inches 
or thereabouts : and as ii to 1 2 or 15 to 2 (S, fo is five 
Inches to 5 or 5 1 Inches. 

And by this progreffion of Experiments I fatisfied my 
felf, that had the light atthe very Ends of the Spectrum been 
ftrong enough to make the Species of the black Lines ap- 
pear plainly on the Paper, the Focus of the dcepeft Vio- 
let would have been found nearer to the Lens, than the Fo- 
cus of the deepeft Red, by about 5 j Inches at leaft. And 
this is a further Evidence, that the Sines of Incidence and 
Refraction of the fevcral forts of Rays, hold the fame pro- 
portion to one another in the fmaUeft Refractions which 
they do in the great eft. 

My progrefs in making this nice and troublefome Expe- 
riment I have fet down more at large, that they that Hull 
try it after me may be aware of the CircumfpeCtion re- 
quifite to make it fucceed well. And if they cannot make 
it fucceed fo well as I did, they may notwithftanding coi- 
fed: by the Proportion of the diftance of the Colours in the 
Spectrum, to the difference of the diftances of their Foci 
from the Lens, what would be the fuccefs in the more di* 
ftant Colours by a better Trial. And yet if they ufe a 
broader Lens than I did, and fix it to a long (Freight Staff 
by means of which it may be readily and truly directed to 
the Colour whofe Focus is defired, I queftion not but the 
.Experiment will fucceed better with them than it did with 

me* For I directed the Axis as nearly as I could to the 

“ middle 
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_ T .*,.4 then, the fe-int Ends of the 
nUa<U« °(' h " .emoceftomthc Axis, call their Species lets 
Sp£S* of ilfe Paper than they would have done had the 

Axis been fucceffively d J* ^ its ccrta i„, that the Rays 

Which Xd poinl frorn 

Focus, but it they not are one t h e other, the 

the Lens on °“ fid ' f ible Rays fhall be nearer to the 
Focus of the ffl°« retran ID y ^ ^ four , 

L enthpart of die whole diftance: and if they flow from alu- 
“ . Domt fo very remote from the Lens that before then 
lienee’ they may be accounted Parallel, the Focus of the 
molt refrangible Rays {hall be nearer to the Lens than the 
Focufof chelcaft refrangible, by about the a/th oraSth part 

of heir whole diftance from it. And the Diameter of the 
Circle in the middle fpace between thofe two Foci which 
they illuminate when they fell there on any Pkne, perpen- 
dicular to the Axis (which Circle is the lead into which 
they can all be gathered) is about the 55th part of the Dia- 
meter of the aperture of the Glafs. So that tis a wonder 
that Telefcopes reprefent ObjeCts fo diftind as they do. But 
were- all the Rays of Light equally refrangible, the Ermr 
arifmg only from the fphericalnefs of the Figures of Glafles 
would be many hundred times lefs. For if the ObjeCt- 
Glafs of a Telefcope be Plano-convex, and the Plane fide 
be turned towards the ObjeCt, and the Diameter of the 
Sphere whereof this Glafs is a fegmenr,be called D, and the 
Semidiameter of the aperture of the Glafs be called S, and 
the Sine of Incidence out of Glafs into Air, be to the Sine of 
Refraction as I to R : the Rays which come Parallel to the 
Axis of the Glafs, fhall in the Place where the Image of the 
ObjeCt is raoft diftinCtly made, be fcattered all over a little 
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Circle whofe Diameter is § * ^ very nearly, M - 

Cher by computing the Errors of the Rays by the metho j 
ot infinite Senes, and rejeding the Terms whofe qua ■ 
tities are inconfiderable. As for inftance, if the Sine ofT* 
cidence I, be to the Sine of Refradion R, as zo to 5 1 -A* 
if D the Diameter of the Sphere to which the Convex f? 
of the Glafs is ground, be 1 00 Feet or 1 200 Inches a j 
S the Semidiameter of the aperture be two Inches the 

Diameter of the little Circle ( that is ) will b! 

** * 8 ( V v Jr T . 

20 ■*. 1200 * 1200 ' 5600000 ' parts or an Inch, But the 

Diameter of the little Circle through which thefe Rays are 
fcattered by unequal refrangibility, will be about the 
part of the aperture of the Objed-Glafs which here is four 
Inches. And therefore the Error arifmg from the fpherical 
Figure of the Glafs, is to the Error arifmg from the diffe 
rent Refrangibility of the Rays, as ^ to ~ that is as 1 

to 8 1 5 1 : and therefore being in Companion fo very little 
deferves not to be confidered. 5 



But you will fay, if the Errors caufed by the different re. 
frangibility be fo very great, how comes it to pafs that Ob 
jefts appear through Telefcopes fo diftind as they do ? Ian. 
fwer, 7 tis becaufe the erring Rays are not lcattered uniform, 
ly over all that circular fpace, but collected infinitely more 
denfely in the Center than in any other part of the Circle 
and in the way from the Center to the Circumference grow 
continually rarer and rarer, fo as at the Circumference to 
become infinitely rarej and by reafon of their rarity are 
not ftrong enough to be vifible, unlefs in the Center and ve- 
’ ry near it. Let ADE reprefent one of thofe Circles de- 
scribed with the Center C and Semidiameter AC, and let 
BEG be a fmaller Circle concentric to the former, cutting 

with 



m la’cr B will be to its denfity inN, as A 0 to BC; 
m ltL P whole Light within the leffet Circle BFG w.ll be 

“thtwteLi g ^with.n ^ 

of BC S°the fifth ptnofAC, the Light will be 

fou^ times deafer in Bthan in N, and the wholc L.ghtwuh- 
£ the lefs Circle, will be to the whole Light w.th.n the grea- 
“ as nine to twenty five. Whence it s evident that the 
Li^ht within the lefs Circle, muftftnke the fenfe much more 
ftrongly, than that faint and dilated light round about be- 
tween it and the Circumference of the greater. . 

But its further to be noted, that the mofl luminous ot 
the prifmatick Colours are the Yellow and Orange. Thefe 
affed the Senfes more ftrongly than all the reft together, and 
next to thefe in ftrength are the Red and Green. The Blue 
compared with thefe is a faint and dark Colour, and the In- 
digo and Violet are much darker and fainter, fo that thefe 
compared with the ftronger Colours are little to be regard- 
ed. The Images of Objeds are therefore to be placed, not 
in the Focus of the mean refrangible Rays which are in the 
confine of Green and Blue, but in the Focus of thofe Rays 
which are in the middle of the Orange and Yellow 5 there 
where the Colour is moft luminous and fulgent, that is in 
the brighteft Yellow, that Yellow which inclines more to 
Orange than to Green. And by the Refradion of thefe 
Rays ( whofe Sines of Incidence and Refradion in Glafs 
are as iy and 11) the Refradion of G-lafs and Cryftal for 
optical ufes is to be meafured. Let us therefore place the 
Image of the Objed in the Focus of thefe Rays, and all the 
Yellow and Orange will fall within a Circle, whofe- Dia- 
meter is about the 25 0th part of the Diameter of the aper- 
ture 
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ture of the Glafs. And if you add the brighter half of th 
Red, ( that half which is next the Orange, and the brighte 
half of the Green, (that half which is next the Yellow ) / 
bout three fifth parts of the Light of thefe two Colours will 
fall within the fame Circle, and two fifth parts will fall with 
out it round about 5 and that which falls without will be 
fpread through almoft as much more fpace as that which 
falls within, and fo in the grofs be almoft three times ra- 
rer. Of the other half of the Red and Green, ( that is 0 f 
the deep dark Red and Willow Green ) about one quarter 
will fall within this Circle, and three quarters without, and 
that which falls without will be fpread through about four 
or five times more fpace than that which fall within 5 andfo 
in the grofs be rarer, and if compared with the whole Light 
within it, will be about 25 times rarer than all that taken in 
the grofs ; or rather more than 30 or 40 times rarer, be- 
came the deep red in the end of the Spedtrum of Colours 
made by a Prifm is very thin and rare, and the Willo w Green 
is fomethirig rarer than the Orange and Yellow. The Light 
of thefe Colours therefore bring fo very much rarer than that 
within the Circle, will fcarce affeft the Senfe efpecially fince 
the deep Red and Willow Green of this Light, are much 
darker Colours then the reft. And for the fame reafon the 
Blue and Violet being much darker Colours than thefe, and 
much more rarified, may be neglected. For the denfe and 
bright Light of the Circle, will obfeure the rare and weak 
Light of thefe dark Colours round about it, and render them 
almoft infenfible. The fenfible Image of a lucid point is 
therefore fcarce broader than a Circle whofe Diameter is 
the 250th part of the diameter of the aperture of the Object 
Glafs of a good Telefcope, or not much broader, if you 
except a faint and dark mifty light round about it, which 
a Spectator will fcarce regard. And therefore in a Telefcops 
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„ . fL ltr T nc hes and length an hundred Feet, 

ivhofe aperture 1 „ » Anc j m a Telefcope whofe 

£ ’-rtrijfz &. *. a.- 

Experience .Fo Te l e f co pes of between twenty 

meters of the ta bears in* ¥ Qr . at moft 

and fixty Feet in engt , ye . G l a f s be tituSed faintly 

W r\ c , -hr fainter Light in the circumference of the 

slS’to be^ble, atfd the Scat ( ,fthe Glafs be fuffict- 
ently foiled with fmoke) appearsfomethtngmotelike aMa- 
thematical Point. And for the fame reafon, the enormous 
part of the Light in the Circumference of every lucid Point 
ought to be left difcernable in (hotter Telefcopes than in 
lonler, becaufe the (hotter cranfmit lefs Light to the Eye. 

Now if we fuppofe che fenfible Image of a lucid poll'.!, 
to be even 250 times narrower than the aperture or the 
Glafs* yet were it not for the different refiangibility of the 
Rays its breadth in an 100 Foot Telefcope whofe aperture 
is 4 Inches would be but parts of an Inch, as is ma- 
nifeft by the foregoing Computation. And therefore m 
this Cafe the greateft Errors arifing from the fpherical Figure 
of the Glafs, would be to the greateft fenfible Errors ari- 
fing from the different refrangibility of the Rays as 
to — at moft, that is only as 1 to 1826. And this fuffi- 
cienrly fhews that it is not the fpherical Figures of Glaffes 
but the different refrangibility of the Rays which hinders the 
perfeftion of Telefcopes. 

There is another Argument by which it may appear that 
the different refrangibility of Rays, is the true Caufe of the 
imperfe&ion of Telefcopes. For the Errors of the Rays 
arifing from the lpherical Figures of Ob jeeft- Glaffes, are as 

kT 
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the Cubes of the apertures of the Obje&*Claffe$*and them- 
to make Telefcopes of various lengths, magnify with eqn T 
diftinetnefs, the apertures of the^Objeft-Glaffes, and th 
Charges or magnifying Powers, ought to be as the Cubes of 
the fquare Roots of their lengths 5 which doth not anfwe 
to Experience. But the errors of the Rays arifintr f To * 
the different refrangibility, are as the apertures of the Ob 
jedfc-Glafles, and thence to make Telefcopes of various 
lengths, magnify with equal diftin&nefs, their apertures and 
charges ought to be as the fquare Roots of their lengths, 
and this anfwers to experience as is well known. For i n . 
ftance, a Telefcope of 64 Feet in length, with an aperture 
of 2 3 [nches, magnifies about 1 20 times, with as much dif- 
tin&ncfs as one of a Foot in length, with ~ of an Inch aper. 
ture, magnifies ty times. 



Now were it not for this different refrangibility of R a y s , 
Telefcopes might be brought to a greater Perfe&ion than 
we have yet defcribed, by compofing the Objeft- Glafs of 
two G la fifes with Water between them. Let ADFC repre- 
■fent the Objeft-Glafs compofed of two Glafles ABED and 
and BEFC, alike convex on the outfides AGD and CHF 
and alike concave on the infides BME, BNE, with Water 
in the concavity BMEN. Let the Sine of Incidence out of 
Glafs into Air be as I to R and out of Water into Air as K 
to R, and by confcquence out of Glafs into Water, as I to 
K : and let the Diameter of the Sphere to which the convex 
fides AGD and CHF are ground be D, and the Diameter 
of the Sphere to which the concave fides BME and BNE 
are ground be to D, as the Cube Root of KK— KI to the 
Cube Root of RfC — RI: and the Refractions on the con- 
cave fides of the Glaffes, will very much correct the Errors 
of the Refractions on the convex fides, fo far as they arife 
from the fphericalnefs of the Figure. And by this means 



other means of .mpr<™| vUch end rhe late 

than that of mcreaung tneir lengcns, ^ 

contrivance of Hugenim feems well accommodated. 

«"y long Tubes a?e enmbetfome, and fcarce to be teaddy 
manaeed, and by reafon of their length are very apt to 
bend,® and (hake \y bending fo as to canfe » coronu 4 
trembling in the Objcas, whereby it becomes dithcult to 
fee them diftinaly : whereas by his contrivance the Glaffes 
are readily manageable, and the Objecf-Glafs being fixt upr 
on a flrong upright Pole becomes more fteddy. 

Seeing therefore the improvement of T elefcopes of given 
lengths by Refractions is defperate ; I contrived heretofore a. 
Perfoe< 5 tive by reflexion, ufing inftead of an Objedt GUIs 
a concave Metal. The diameter of the Sphere to which 
the Metal was ground concave was about 25 Englifh Inches, 
and by confcquence the length of the Inflrument about fix 
Inches and a quarter. The Eye-Glafs was plano-convex, 
and the Diameter of the Sphere to which the convex fide was 
ground was about I of an Inch, or a little lefs, and by con- 
sequence it magnified between 50 and 40 times. By ano- 
ther way of meafuring I found that it rr>agnified about 
% y times. The Concave Metal bore an aperture of an Inch 
and a third part $ but the aperture was limited not by an 
opake Circle, covering the Limb of the Metal round about, 
but by an opake circle placed between the Eye-Glafs and the 
Eye, and perforated in the middle with a little round hole 
for the Rays to pais through to the Eye. For this Circle 
by being placed here, ftopt much of the erroneous Light, 
which otherwife would have difturbed the Vifion. By com- 
paring it with a pretty good Perfpective of four Feet in 

K- 2- length, 
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length, made with a concave Eye- Glafs, I could read at - 
greater diftance with my own Inflrument than with th* 
Glafs. Yet Objects appeared much darker in it than in the 
Glafs, and that partly becaufe more Light was loft by re _ 
flexion in the Metal, then by refraction in the Glafs, and 
partly becaufe my Inftrument was overcharged. Had it 
magnified but 50 or 25 times it would have made the Objeft 
appear more brisk and pleafant. Two of thefelmade about 
16 Years ago, and have one of them ftill by me by which 
I can prove the truth of what I write. Yet it is not fo aood 
as at the firft. For the concave has been divers times^tar- 
nifhed and cleared again, by rubbing it with very foft Lea- 
ther. When I made thefe, an Artift: in London undertook 
to imitate it 5 but ufing another way of polifhing them 
than I did, he fell much fhort of what I had attained to 
as 1 afterwards underftood by difcourfing the under-Work- 
man he had imployed. The Polifli I ufed was on this man- 
ner. I had two round Copper Plates each fix Inches in 
Diameter, the one convex the other concave, ground ve- 
ry true to one another. On the convex I ground the Ob- 
jedl-Metal or concave which was to be polifh’d, till it had 
taken the Figure of the convex and was ready for a Polifli. 
Then I pitched over the convex very thinly, by dropping 
melted pitch upon it and warming in to keep the pitch 
foft, whilft I ground it with the concave Copper wetted to 
make it fpread evenly all over the convex. Thus by work- 
ing it well I made it as thin as a Groat, and after the con- 
vex was cold I ground it again to give it as true a Figure as 
I could. Then I took Putty which I had made very fine 
by waffling it from all its gr offer Particles, and laying a lit- 
tle of this upon the pitch, I ground it upon the Pitch with 
the concave Copper till it had done making a noife} and 
then upon the Pitch I ground the Qbjedt-Metal with a brisk 

Motion 
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, . fnr -bout two or -three Minutes of time leaning 
Motion, for abo upon the Pitch and 

ha oiX°t aeiinllHt ha ? d done making a no* and after- 
groun c d , obie£t Metal upon it as before. And 

t Jl*e Metal las polilhed grinding 
if th^laff time with all my ftrength for a good while toge- 
ther, and frequently breathing upon the I itch tokeep it 
modi without laying on any more frefh Putty. The Ob- 
jea-Metal was two Inches broad and about one third pair 
of an Inch thick, to keep it from bending. I had two of 
thefe Metals, and when I had polilhed them both. I trie 
which was bell, and ground the other again to fee if I could, 
make it better than that which I kept. And thus by many 
Trials I learnt the way of polifhing, till I made thole two 
refledting Pefpedtives I fpake of above. For this Arc of 
polifhing will be better learnt by repeated Practice than by 
my defcription. Before I ground the Object Metal on the 
Pitch, I always ground the Putty on it with the concave 
Copper till it had done making a noife, becaufe if the Par- 
ticles of the Putty were not by this means made to flick 
faft in the Pitch, they would by rolling up and down grate 
and. fret the Objedt Metal and fill it full of little holes. 

But becaufe Metal is more difficult to polifli than Glafs 
and is afterwards very apt to be fpoiled by tarnifhing, and 
reflects not fo much Light as Glafs quick-filvered over does : 

1 would propound roufeinfteadof the Metal, a Glafs ground 
concave on the forefide, and as much convex on the back- 
fide, and quick-filvered over on the convex fide. The Glafs 
muft be every where of the fame thicknefs exa&ly. Other- 
wife it will make Objedts look coloured and indiftindt. Ry 
fuch a Glafs I tried about five or fix Years ago to make 
a refledting Telefcope of four Feet in length to magnify a- 
bout 1 5 0 times, and I fatisfied my felf that there wants no- 
thing 
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tiling but 1 good Artift to bring the defign to Pei-frA' 
For the Glafs being wrought by one of our Unim A P l°a 
after Inch a manner as they grind Giafles for Telef C1 " S 
tho it feemed as well wrought as the Objeft Glaffes ntf? 
be, yet w hen it was qmek-filvered, the reflexion dilcov! 
innumerable Inequalities all over the Glafs. And bv r 
of thefe Inequalities, Objects appeared indiftind in thk l° 9 
ftrument. For the Errors of refleded Rays caufed bv 
Inequality of the Glafs, are about fix times greater than? 
Errors of refraded Rays eanfed by the like Inequalities. V ' 
by this Experiment I fatisfied my felf that the reflexion n 
the concave fide of the Glafs, which I feared would diih lr b 
the vifion,did no fenfible prejudice ro it, and by confeqiic^ 
that nothing is wanting to perfed thefe Telefcopes, b ut 
good Workmen who can grind and polifb Glaffes truly (p^ 
rical. An Objed-Glafs of a fourteen Foot Telefcope, made 
by one of our London Artificers, I once mended confides 
b Y grinding it on Pitch with Putty, and leaning re. 
ry eafily on it in the grinding, left the Putty fhould fcratcl 
Whether this way may not do well enough for poliOi. 



ing thefe refleding Glafles, I have not yet tried. But he 
that fhall try either this or any other way of polifhing which 
he may think better, may do well to make his Glaffes rea- 
dy for polifhing by grinding them without that violence, 
wherewith our London Workmen ptefs their Glaffes in grind- 
ing. For by fuch violent preffure, Glafles are apt to bend 
a little in the grinding, and fuch bending will certainly fpoil 
their Figure. To recommend therefore the confidents 
of thefe refleding Glafles, to fuch Artifts as are curious in 
figuring Glaffes, I fhall deferibe this Optical Inftrument in 
the following Propofition. 



PROP. 



L 
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PROP. VII- Prob. II. 

To Jhorien Telefcopes. 

ET ABDC reprefent a Glafs fpherically coneave on F/g - . 
the forefide AB, and as much convex on the back- 



fideCD, fo that it be every where of an equal thicknefs. Let 
it not be thicker on one fide than on the other, left it make 
Obieds appear coloured and indiftindj and let it be very 
truly wrought and quick-filveredoveron the backfidc j and 
fet in the Tube VXYZ which mu ft be very black within. 
Let EFG reprefent a Prifm of Glafs or Cryftal placed near 
the other end of the Tube, in the middle of it, by means of 
a handle ofBrafs or Iron FGK, to the end of which made 
fiat it is cemented. Let this Prifm be redangular at E, and 
let the other two Angles at F and G be accurately equal to 
each other, and by confequence equalto half right ones, and 
let the plane fides FE and GE be fquare, and by confe- 
rence the third fideFG a redangular parallelogram, whofe 
length is to its breath in a fubduplicate proportion of two 
to one. Let it be fo placed in the Tube, that the Axis of 
the Speculum may pafs through the middle of the fquare 
fide EF perpendicularly, and by confequence throuoh tbe 
middle of the fide F G at an Angle of 45 degrees, arid let the 
fide EF be turned towards the Speculum, and the diftancc 
of thisPrifmfrom the Speculum be fuch that the Rays of the 
fight PQ, RS, See.. which are incident upon the Speculum in 
Lines Parallel to the Axis thereof, may enter the Prifm at 
the fide EF, and be refleded by the fide F G, and thence 
go out of it through the fide GE, to the point T which 
mutt be the common Focus of the Speculnm ABDC and nf 
a Plano-convex Eye-Glais H, through which thofe Rays 
muft pafs to the Eye. And let the Rays at their coming 

out 
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out of the Glafs pafs through a fmail round hole or an 
ture made in a little Plate of Lead, Brafs, or Silver wh 
witli the Glafs is to be covered, which hole mtift be^" 
bigger than is neceflary for light enough to pafs throj? 
For lo it will render the Objefl: diftmd, the Plate in wlif k 
*tis made intercepting -all the erroneous part of the Li? 
which comes from the Verges of the Speculum AB. sfl! 
an Inftrument well made if it be d Foot long, (reckon? 
the length from the Speculum to the Prifm, and thence? 
the Focus T) will bear an aperture of 6 Inches at the Sp c 
culum, and magnify between two and three hundred times 
But the hole H here limits the aperture with more advan- 
tage, then if the aperture was placed at the Speculum, if 
che Inftrument be made longer or fhorter, the aperture mull 
be in proportion as the Cube of the fquare Root of th 
length, and the magnifying as the aperture. But its con- 
venient that the Speculum be an Inch or two broader than 
the aperture at the leaft, and that the Glafs of the Speculum 
be thick, that it bend not in the working. The Prifm EFG 
muft be no bigger than is neceflary, and its back fide FG 
muft not be quick-ftlvered over. For without quick-fiiva 
it will refleft all the Light incident on it from the Speculum, 
In this Inftrument the Objedl will be inverted, but m ) 
be ere&ed by making the fquare ftdes EF and EG of eke 
Prifm EFG not plane but fpherically convex, that the Ravs 
may crofs as well before they come at it as afterwards be- 
tween it and the Eye-Glafs. If it be defired that the Inftru- 
ment bear a larger aperture, that may be alfo done by com- 
poftng the Speculum of two Glafles with Water between 
them. 
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OPTICKS. 



PART II. 



PROP. I. THEOR. I. 

The phenomena of Colours in refrained or reflected "Light 
are not caufed by new modifications of the Light varioufi 
/y imprejl , according to the various terminations of the 
Light and Shadow. 

The Proof hy Experiments . 

EX PER. I. 

F OR if the Sun fliine into a very dark Chamber £> r 
through an oblong Hole F, whole breadth is the ° 
lixth or eighth part of an Inch, or fomething lefs ; and 
his Beam FH do afterwards pufs firft through f very 
large Prifm ABC, diftant about 20 Feet from the 

^ Hole, 
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Hole, and parallel to it, and then (with its white mn\ 
through an oblong Hole H, whofe breadth is a j 
the fortieth or fixtieth part of an Inch, and which k 
made in a black opake Body G I, and placed at the 
d lira nee of two or three Feet from the rrifm, in a pa- 
rallel fituation both to the Prifm and to the former 
Hole, and if this white Light thus tranfmitted through 
the Hole H, fall afterwards upon a white Paper tit 
placed after that Hole H, at the <fftance of three 0 J 
lour Feet from it, and there paint the ulual Colours of 
the Prifm, iuppofe red at t, yellow at s, green at r 
blue at q, and violet at p ; you may with an iron Wire’ 
or any luch like flender opake Body, whofe breadth is 
about the tenth part of an Inch, by intercepting the rays 
at k, 1, m, n or o, take away any one of the Colours 
at t, s, r, q or p, whilft the other Colours remain up- 
on the Paper as before ; or with an obftacle lbmething 
bigger you may take away any two, or three, or four Co b 
lours together, the reft remaining : So that any one of 
the Colours as well as violet may become outmoft in 
the confine of the fliadow towards p, and any one of 
them as well as red may become outmoft in the confine 
of the fliadow towards t, and any one of them may alio 
border upon the fhadow made within the Colours by 
the obftacle R intercepting fome intermediate part of 
the Light; and, laftly, any one of them by « being 
left alone may border upon the fliadow on either hand, 
All the Colours have themfelves indifferently to any 
confines of fhadow, and therefore the differences of theie 
Colours from one another, do not arife from the diffe- 
rent confines of fhadow, whereby Light is varioufly 
modified as has hitherto been the Opinion of Philofo- 
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. , r Vis to be obferved, that 

phers. In trying ^ ^ H are narrower, and the 

by how much the n - p r ifm greater, and the 

intervals between hitter doth the Ex- 

Chamber darkei, by 1 Light be not fo f ar 

iff *e Col^s at g pt be fuffidentlr 
dimmifhed, but tnat u f large enough 

vifible. Jo procure a R 'nfoo lohd u ^ erefore 

«'S guMm 

EX PER. II- 

The Sun’s Liaht let into a dark Chamber through Fig- 
the roundHoleFfhalf an Inch wide, paffed fitft through 
the Prifm ABC placed at the Hole, and then thi ough 
a Lens PT lbmething more than tour Inches broad, and 
about eight Feet diftant from the Prilm, and thence con- 
verged O the Focus of the Lens diftant from it about 
three Feet, and there fell upon a white Paper D E. It 
that Paper was perpendicular to that Light incident u p 
.on it, as ’tis reprelented in the poffure D E, all the Co- 
lours upon it at O appeared white. But if the Paper 
being turned about an Axis parallel to the Prifm, be- 
came very much inclined to the Light as tis reprelen- 
ted in the pofitions de and * ; the fame Light in the 
one cafe appeared yellow and red, in the other blue. 

Here one and the lame part of the Light m one and the 
fame place, according to the various inclinations of the 
Paper, appeared in one cafe white, in another yellow 
or red, in a third blue, whilft the confine of Light and 

L n Shadow, 
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Shadow, and the refractions of the Prifm in all thpfx 
caies remained the fame. le 

EXPER. HI. 

Such another Experiment may be more eafily tried 
as follows. Let a broad beam of the Sun's Light comho 
into a dark Chamber through a Hole in the Window 
fhut be refraCted by a large Prifm ABC, vvhofe re- 
fracting Angl'e C is more than 60 degrees, and fo f 00jl 
as it comes out of the Prifm let it tall upon the white 
Paper D E glevved upon a ftiff plane, and this Light, 
when the Paper is perpendicular to it, as bis reprefea- 
ted in DE, will appear perfectly white upon the Paper 
but when the Paper is very much inclined to it in iuch 
a manner as to keep always parallel to the Axis of the 
Prifm, the whitenefs of the whole Light upon the 
Paper will according to the inclination of the Paper 
this way, or that way, change either into yellow and 
red, as in the pofture de y or into blue and violet, as 
in the pofture And if the Light before it fill upon 
the Paper be twice refraCted the fame way by two pa- 
rallel Prifms, thefe Colours will become the more con- 
fpicuous: Here all the middle parts of the broad beam 

of white Light which fell upon the Paper, did without 
any confine of fhadow to modify it, become coloured 
all over with one uniform Colour, the Colour being ah 
ways the fame in the middle of the Paper as at the 
edges, and this Colour changed according the various 
obliquity of the refieCting Paper, without any change 
in the refractions or fhadow, or in the Light which 
tell upon the Paper. And- therefore thele Colours are 
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. . r raufe than the new mo - 

to be derived from om aions an( j (hadows. 
difications ot Lml • - J . t | ie ; r cau fe ? I aiitwcr, 

in the t 

wherever they are predominant in any Light they tinge 
> , vfri, r-d o/vel lo w, as may in tome meafure appear by 
the firft Propofition of the firft Book, and will more 11 y 
appear hereafter. And the contrary happens in the 
pofture of the Paper the more refrangible rays be- 
ing then predominant which always tinge igi \\i a 
blues and violets. 



EXPER. iv: 



The Colours of Bubbles with which Children play 
are various, and change their fituation varioufiy, with- 
out any refpeft to any confine of fhadow. If iuch a 
Bubble be covered with a concave Glafs, to keep it from 
being agitated by any wind or motion of the Air,^ the 
Colours will (lowly and regularly change their fixa- 
tion, even whilft the Eye, and the Bubble, and all Bo- 
dies which emit any Light, or caft any fhadow, re- 
main unmoved. And therefore their Colours arife from 
fome regular caufe which depends not on any confine of 
fhadow^ What this caufe is will be (hewed in the next 
Book. 



To 
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To thefe Experiments maybe added, the tenth F 
periment of the firft Book, where the Sun's Light iif 
dark Room being trajeded through the parallel fuper/ 
cies of two Prifms tied together in the form of a p ara j' 
lelopide, became totally of one uniform yellow or re( j 
Colour, at its emerging out of the Prifms. Here, 
the produdion of thefe Colours, the confine of fliadov 
can have nothing to do. For the Light changes f roin 
white to yellow, orange and red fucceffively, without any 
alteration of the confine of fhadow: And at both edges o 
the emerging Light where the contrary confines of (fo. 
dow ought to produce different effeds, the Colour i s 
one and the fame, whether it be white, yellow, orang 
or red : And in the middle of the emerging Light 
where there is no confine of fhadow at all, the Colom 
is the very fame as at the edges, the whole Light at its 
very firft emergence being of one uniform Colour, whe- 
ther white, yellow, orange or red, and going on thence 
perpetually without any change of Colour, luch as the 
confine of fhadow is vulgarly fuppofed to work in re. 
traded Light after its emergence. Neither can theft 
Colours arife from any new modifications of the Light 
by refradions, becaule they change fucceffively from 
white to yellow, orange and red, while the refradioiu 
remain the fame, and alfo becaufe the refradions art 
made contrary ways by parallel fuperficies which de- 
fh-oy one anothers effeds. They arife not therefore 
from any modifications of Light made by refracliois 
and fhadows, but have fome other caule. What that 
caufe is we fhewed above in this tenth Experiment 
and need not here repeat it. 

There 
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* ntwher material circumftance of this 
There is y* . emerg i n „ Light being by a third Fig. 23 . 

Expenment Fo^ g t f> e pf pc r PT, and there Tart 1. 

r?“ ™ ** 

Pnltn. And y firfl- Prtfrh<! about their com- 

when by turning the wo to van i(h but the 

3°. Sht wWch makes that red beinn left alone, 

•inneared of the very fame red Coloui beloie its mci 
de ce on the third Prifm. And in general we find by 
other Experiments that when the rays which differ in 

refrangibility are feparated from one another, and any 

one fort of them is conhdered apart, the Coloui o, the 
Light which they com pofe cannot be changed by any 
refradion or reflexion whatever, as it ought to be were 
Colours nothing elfe than modifications oi Light cauied 
by refradions, and reflexions, and fhadows. X his im- 
chanaeablenefs of Colour I am now to defcribe in the 



PROP. II. THE OR. II. 

AU homogened Light has its proper Colour anfaering to 
its degree of re frangiMl tty , and that Colour cannot be 
changed by reflexions and refradions. 



In the Experiments of the 4th Propofition of the fir II 
Book, when I had feparated the heterogeneous rays 
from one another, the Spedrum pt formed by the fepa- 
rated 




rited rays, did in the progrefs from its end p, on whi i 
the moi refrangible rays fell, unto its other end t Ch 
which the lead refrangible rays fell, appear tinged with 
this Series of Colours, violet, indico, blue, green ye iJ 
low, orange, red, together with all their intermediate 
degrees in a continual fucceffion perpetually varying. 
So that there appeared as many degrees of Colours % 
there were forts of rays differing in refrangibility, 1 

EX PER. V'. 

Now that thefe Colours could not be changed by re. 
‘fraction, I knew by refracting with a Prifm fometimes 
one very little part of this Light, fometimes another 
very little part, as is defcribed in the i ith Experiment 

the firft Book. For by this refraction the Colour of 
the Light was never changed in the lead. If any part 
of the red Light was refradted, it remained totally of 
the fame red Colour as before. No orange, no yel- 
low, no green, or blue, no other new Colour was pro. 
duced by that refraction. Neither did the Colour any 
ways change by repeated refractions, but continued al- 
ways the fame red entirely as at fird. The like con- 
Itancy and immutability I found alio in the blue, green, 
and other Colours. So alio if I looked through a Prifm 
upon any body illuminated with any part of this homo- 
gen eal Light, as in the 14-th Experiment of the frit 
Book is defcribed ; I could not perceive any new Co- 
lour generated this way. All Bodies illuminated with 
compound Light appear through Prifms confufed ( as 
was laid above) and tinged with various new Colours, 
hut thofe illuminated with homogeneal Light appeared 

through 



, i, Prifms neither left diftin&, nor otherwise cer 
through P viewa , with t!ie naked Eyes. Their 

loured, thai changed by the retraction 

Colours were not in the ledlt cMigt y rellfi ble 

of the V n rTuf: For die Light which I here call ho- 
change O' absolutely homogeneal, there ought 

*1. rf Li™ « n«a; 

ted none at all. 

EX PER. VI. 



And as thefe Colours were not changeable by refra- 
aions, lb neither were they by reflexions. For all 
white, grey, red, yellow, green, blue, violet Bodies, as 
Paper, Alhes, red Lead, Orpiment, Indico, Bile, Gold, 
Silver, Copper, Grals, blue floweis, Violets, Bubbles 
of Water tinged with various Colours, Peacock’s Fea- 
thers, the tincture of Lignum N efbriticum , and fuch 
like, in red homogeneal Light appeared totally red, in 
blue Light totally blue, in green Light totally green, 
and fo of other Colours. In the homogeneal Light of 
of any Colour they all appeared totally of that fame 
Colour, with this only difference, that fome of them 
reflected that Light more ftrongly, others more faintly. 
1 never yet found any Body which by reflecting homo- 
geneal Light could lenfibly change its Colour. 



M 



From 
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M°m all which it is manifeft, that it’ the Sun’s Lgi t 
con lifted of but one fort of rays, there would be bn- 
one Colour in the whole World, nor would it be pof 
Able to produce any new Colour by reflexions and re ~ 
fractions, and by confequence that the variety of Co" 
lours depends upon the compolition of Light. 



© EFINIT 10 AT. 



The homogeneal light and rays which appear r^i 
or rather make Objects appear lb, 1 call rtibrific- 
or red-makng ; thole which make Objects appear 
yellow, green, blue and violet, 1 call yellow-ma- 
king, green-making^ blue-making, violet-making 
and fo of the reft. And if at any time I fpeak of 
light and rays as coloured or endued with Co- 
lours, I would be under ft ood to fpeak not phiL 
fbphically and properly, but groily, and accor- 
ding to liich conceptions as vulgar People in fee- 
ing all thefe Experiments would be apt to frame, 
For the rays to fpeak properly are not coloured, 
In them there is nothing elle than a certain power 
and difpofition to ftir up a ienfation of this or that 
Coloitr. For as found in a Bell or mull cal String, 
or or h er founding Body, is nothing but a trem- 
bling Motion, and in the Air nothing but that 
Motion propagated from the Object, and in the 
Seaforium *tis a fenie of that Motion under the 



form of found ; fo Colours in the Object are no- 
thing but a difpofition to reflect this or that fort 
of rays more copiouily than the reft * in the rays 
they are nothing but their difpofitions to propa- 



tions under the forms ofColouis. 

PROP. Ill- PR° B - 1 

S;; ' bm " 

. ■ j-t-ic Problem I made the following 
For determining this rioDiem l w* 

Experiment. 

EX PER- VII. 

When 1 had canted the reflilinear line tides A F,G M, Fig- 4- 
nftheSue&rum of Colours made by the Pntm to be 
defined, as in the fifth Experiment o the 
firft Book is deferibed, there were found in ■ »* 

homogeneal Colours in the fame order and htua >o 
one among another as in the Spectrum ot (ample Light, 
deferibed in the fourth Experiment of that Book, hoi 
the Circles of which the Spectrum of compound Light 
PT is compofed, and which in the middle parts ot 
the Speftrum interfere and are intermixt with one ano- 
ther, are not intermixt in their outmoft parts where 
they touch thole rectilinear tides A F and G M. And 
therefore in thole rectilinear Tides when diftinftly defi- 
ned, there is no new Colour generated by refradtion. I 
obierved alto, that if any where between the two out- 
moft Circles T M F and P G A a right line, as r ? , was 
crofs to the Spectrum, lb as at both ends to fall per- 
pendicularly upon its rectilinear Tides, there appeared 

AA n nne 



O] 



-p. i 

a raper the perimeter of the SpcCtrum F APgMt 
and in trying the third Experiment of the hr ft Bonl- 7 



one and the fame Colour and degree of Colour from 
end ot this line to the other. I delineated thecefrJ^ 

! 

this delineated Figure, and agree with it exactly wfi 



hr ft Book 



held the Paper fo that the Spectrum might fall 



o 

> of 



an Afliftant whole Eyes for di ft ingui filing Colours \y e 
more critical than mine, did by right lines «j3,^ )£ =i e 
drawn crolkthe SpeCtrum, note the confines of the C 
Motors that is of the red M*i 3 F of the orange 
the yellow 7* §*', of the green * « 8 £ , 0 f the blue 
ot the indico iX/**, and of the violet xGrA/Jt. a 
this operation being divers times repeated both in the 
fame and in feveral Papers, I found that the Of 
iervations agreed well enough with one another, and 
that the rectilinear fides M G and F A were by the hid 
crofs lines divided after the manner of a mufical Chord, 
Let GM be produced to X, that MX may be equal 
to G M, and conceive G X, xX, ‘X, 11 X, * X, -/X, «X 
MX, to be in proportion to one another, as the num- 
bers i, L |* |* %, {, and fo to reprefent the 
Chords of the Key, and of a Tone, a third Minor, a 
fourth, a fifth, a fixth Major, a feventh, and an eighth 
above that Key : And the intervals M* > *7, 7', 
and xG, will be the f paces which the leveral Co- 
lours ( red, orange, yellow, green, blue, indico, violet) 
take up. 

Now thefe intervals or fpaces fubtending the diffe- 
rences of the refractions of the rays going to the limits 
of thole Colours, that is, to the points M, y,*, *,;,x,G, 
may without any fenfiblc Error be accounted propor- 
tional to the differences of the fines of refraCtion of thole 

rays 



[93] 

one common fine of incidence and there- 
by* Hie common fine of incidence of the moft and 

fore fince tne con t f GJafs into Alr waSj (by a 

refraCtion of thole rays out ^ 

f“aU the^red-makhig rays out of 
Glafs into Air, were to the fines of their reflations, 
not greater than 50 to 77, nor lefs than 50 to but 
varied from one another according to all interme- 
diate Proportions. And the fines ot the incidences 
of the green-making rays were to the fines ot 
their refractions in all proportions from that ot 5 0 
to 77-h unto that of 50 to 77I* And by the like limits 
above-mentioned were the refraCtions of the rays be-^ 
longing to the reft of the Colours defined, the fines of 
the°red- making rays extending from 77 to 77I, thole 
of the orange-making from 77^ to , thole of the yel- 
low-making from 77^ to 77 j,.thofe of the green-making 
from 777 to 777 , thole of the blue-making from 77*; to 
77J-, thofe of the indico-making from jj\ to 77J-, and 
thole of the violet from 77J to 78. 

Thefe are the Laws of the refraCtions- made out of 
Glals into Air, and thence by the three Axioms of the 
firft Rook the Laws of the refraCtions made out of Air 
into Glafs are eafily derived* 






ft 



EXPER. 
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EX PER. VIII, 

I found moreover that when Light goes out of a* 
through ieveral contiguous refracting Mediums 
through Water and Glafs, and thence goes out a ^ 
into Air, whether the refracting iuperficies be 
or inclined to one another, that Light as often as b 
contrary refractions ’tis to corrected, that it emeriti' 
in lines parallel to thole in which it was incident 
continues ever after to be white. But if the emex' 
gent rays be inclined to the incident, the whiteneisof 
the emerging Light will by degrees in paging on f roin 
the place of emergence, become tinged in its edges with 
Colours. This \ tryed by refraCting Light with Prif n!s 
of Glafs within a prilmatick Veflel of Water. Now thofe 
Colours argue a diverging and reparation of the hetero- 
geneous rays from one another by means of their un- 
equal refractions, as in what follows will more fully 
appear. And, on the contrary, the permanent white- 
ned argues, that in like incidences of the rays there is 
no fuch feparation of the emerging rays, and by confe- 
quence no inequality of their whole refractions. Whence 
1 feem to gether the two following Theorems. 

i . The Excefles of the fines of refraction of feveril 
forts of rays above their common fine of Incidence when 
the refractions are made out of divers denfer mediums 
immediately into one and the fame rarer medium, are 
to one another in a given Proportion. 



n# 



2. The 
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* , the fine of incidence to the line 
a. The Proport 101 ^ f ort of rays out of one 

of refrain ol onea compo fedof the Proportion of 
medium into ““tTto the fine of refraaion out of the 
the fine of made ^ medium, and of the Pro- 

firft - m JrfSe fine 0 incidence to the fine of refrain 
PuiTthTthlTmedium into the fecond medium. 

„ , , » Theorem the re&aaions of the rays of 

By the hid , medium into Air are known 

r Ve i V rfrT tTe refraaion crif the rays of any one fort. As 
by having^ h re f ra aions of the rays ol every loit 
lor mftance, r defired let the common 

out of Rain-water into be fobduded 

three 6 to four, and % as . the difference of thole fines 
is to 5 the line of incidence, io is 37 the kail 0. c 
Excefles above-mentioned to a fourth number Bi ; and 
Si will be the common fign ol incidence out ol Rain- 
water into Air, to which tine if. you add all the above- 
mentioned Excefles you will have the dehred fines of 
the refraClions 108, 108L ioSt, ic>b) , ioSi, iobj 3 
k>8*» 109. 

By the latter Theorem the refraaion out ol one me- 
dium into another is gathered, as often as you have 
the refraCUons out of them both into any third medium. 
As if the fine of incidence of any ray out of Glals into 
Air be to its fine of refraction as ao to 31, and the fine 
of incidence of the fame ray out of Air into Water, be 

to 
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to its fine of refraction as four to three ■ thp r 
incidence-of that ray out of Glafs into Water will? « f 
Its fine ot refra&ion as 10 to 3 1 and 4 to 3 iovnii et ° 
is, as the Fadhim of 20 and 4 to the Fadhim 0 f ^ ^ at 
3, or as 80 to 93. T and 

And thefe Theorems being admitted into CW . 
there would be fcope enough of handling that SV ^ 
volummoufly after a new manner * not only by w?® 
thole things which tend to the perfe&ion of vifinn ^ 
alio by determining mathematically all kinds of pi, &t 
mena of Colours which could be produced bv r?' 
dlions. For to do this, there is nothing elfe fennir!* 
than to find out the Reparations of heterogeneous r ^ 
and their various mixtures .and proportions in J5 
mixture. By this way of arguing I invented alij 
all the 1 hsnomena delcnbed in thefe Books, befidefom 
others lets neceffary to the Argument ; and bvrii 
luccelTes I met with in the tryals, I dare promile t)J 
to lum who (hall argue truly, and then try all things 
with good Glafies and fufncieht circumipedtion the 
expected event will not be wanting. But he is firft to 
know what Colours will arife from any others mkt In 
any afiigned Proportion. 

PROP. IV. THEOR. III. 

Colours may be produced by compofitton 1 which /hall be lih 
to the Colours of fomogeneal Light as to the apparent 
of Colour , but not as to the immutability of Colour ad 
conflitution of Light, jdnd thoje Colours by how mud 
they are more compounded by jo much are they lefs fd 
and inteuje , and by too much compojition they mj it 

dilm 
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thheeci aid weakened tiU they ceafe . There may be 
tfcdrn, reduced hampfam, f,cb .re no, fully 
il iW y of the Colours of homogeneal Light . 

Fora mixture of homogeneal red and yellow com- 
pounds an orange, like in appearance ot Cobin ' to tha 
orange which in the feries ot un mixed piihm^uv 
lour? lies between them ; but the Light ot one oiange 
is homogeneal as to refrangibility, that ol the other 
heterogeneal, and the Colour of the one, it viewed 
through a Prifm, remains unchanged, that or the othei 
is changed and refelved into its component Colours red 
and yellow. And after the fame manner other neigh- 
bouring homogeneal Colours may compound new Co- 
lours, like the intermediate homogeneal ones, as yel- 
low and green, the Colour between them both, and af- 
terwards, if blue be added, there will be made a green 
the middle Colour of the three which enter the compe- 
tition, For the yellowand blue on either hand, if they are 
equal in q uantity they d raw the intermediate green equal- 
ly towards themfelves in compofition, and fo keep it as 
it were in equilibrio, that it verge not more to the 
yellow on the one hand, than to the blue on the other, 
but by their mixt actions remain ftill a middle Colour. 
To this mixed green there may be further added 
lome red and violet, and yet the green will not prefect- 
ly ceafe but only grow lei's full and vivid, and by in- 
crealing the red and violet it will grow more and more 
dilute, until by the prevalence of the added Colours it 
be overcome and turned into whiteneis, or feme other 
Colour. So it to the Colour ot any homogeneal Light, 
the Sun's white Light eompofed of all forts of rays be 

N fldHerk 
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added, that Colour will not vanifti or change r 

«• b f , be d ‘!, utcd i ™d by adding more and more X 
it will be diluted more and more perpetually. T ? 

ly, if red and violet be mingled, there will be genent !l 
according to their various Proportions various Purnil 
fuch as are not like in appearance to the Colour of ^ 
homogeneal Light, and of thefe Purples mixt with ve? 
low and blue may be made other new Colours. 



PROP. V. THEOR. IV. 

Whitenejs and all grey Colours between white and Mack 
may be compounded of Colours , and the whitenejs of t hi 
Suns Light is compounded of all the primary Cohun 
mixt in a due proportion . 

The Proof by Experiments, 

EX PER. IX.. ia | 

The Sun Alining into a dark Chamber through a 
little round Hole in the Window Ihut, and his Light 
being there refracted by a Prifm to calf his coloured 
Image P T upon the oppoiite Wall : I held a white Pa- 
per V to that Image in fuch manner that it might be 
illuminated by the coloured Light remedied from thence, 
and yet not intercept any part of that Ltight in its pal- 
fage from the Prifm to the Spedtrum. And I found that 
when the Paper was held nearer to any Colour than to 
the reft, it appeared of that CoIout to which it ap- 
proached nearcft ; but when it was equally or almolt 
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m (Voin all the Colours, lo that it might 

equally ditont f them a u it appeared white. 

be equally 1 lu . r the Panel* if fome Colours 
An d m this bit " “ wM » Colour, and 

were intercepted he Fapei lo t its v , 



with Lights ot various colours, V ” . ' 

green, blue and violet, and every part ot the Lig i 1( -' 
fained its proper Colour, until it was incident on the 
Paper, and became reflefled thence to the bye ; lo that 
if it had been either alone (the reft of the Light being 
intercepted) or if it had abounded moft and been pre- 
dominant in the Light reflected from the Paper, it would 
have tinged the Paper with its own Colour ; and yet be- 
ing mixed with the reft of the Colours in a due propoi- 
tion, it made the Paper look white, and therefore by a 
competition with the reft produced that Coloui. The 
leveral parts of the coloured Light reflected from the 
Spedtrum, whilft they are propagated from thence thro 
the Air, do perpetually retain their proper Colours, 
becaufe wherever they fail upon the Eyes of any Specta- 
tor, they make the leveral parts of the Spedtrum to 
appear under their proper Colours. They retain there- 
fore their proper Colours when they fall upon the Pa- 
per V, and lb by the confution and perfect mixture of 
thole Colours compound the whitenefs of the Light 
reflected from thence. 

EX PER. X. 

Let that Spectrum or folar Image PT tall now upon Fig. 6= 
the Lens M N above four Inches "broad, and about fix 

N 5 Feet 
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Feet diftant from the Prifm ABC, and fo 
it may ca life the coloured Light which diverleth f 
t.ie Irifm to converge and meet again at its^Focn-n 
about fix or eight Feet diftant from the Lens * G 
there to fall perpendicularly upon a white Paper n? 

And ifvoil move this Pfirtipr t-r» anr! *Vn *■ 



x»m 



And if you move this Paper to and fro, you wall 
cejve that near the Lens, as at dt r, the whole folar 
( fuppoie at pt) will appear upon it intenfly colo^ 



alter the manner above-explained, arid that by rece/ 
lrom the Lens thole Colours will perpetually come 
wards one another, and by mixing more and more 
lute one another continually, until at length the Par '* 
come to the Focus G, where by a perfect mixture the* 
will wholly vanifh and be converted into whiten# tf 
wliole Light appearing now upon the Paper like a little 
white Circle. And afterwards by receding further from 
the Lens, the rays which before converged will nov . 
crois one another in the Focus G, and diverge from 
thence, and thereby make the Colours to appear again 
but yet in a contrary order ; fuppoie at o \ , where the 
red t is now above which before was below, and the 
violet p is below which before was above. 

Let us now ftop the Paper at the Focus G where 
the Light appears totally white and circular, arid let us 
confider its whitenels. I fay, that this is compofed of 
the converging Colours. For if any of thole Colours 
be intercepted at the Lens, the whitenels will cealeand 
degenerate into that Colour which arileth from the 
competition of the other Colours which are not inter- 
cepted. And then if the intercepted Colours be let 
pais and fall upon that compound Colour, they mix 
with it, and by their mixture ref lore the whitenels. 

So 
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so it*. .»!«. 

SKfeZSt if *. ,1 -Um 

w /be let pal's they will fall upon this compounded 
", and together with it decompound a white. So 
ip 0 ff the red and violet be intercepted, the lein.uning 
yellow, green and blue, will compound a green upon 
iiie Paper' and then the red and violet being let pals 
will fall upon this green, and together with it decom- 
pound a white. And that in tins competition ot white 
die fever*! rays do not lutfer any change in their colon- 
fic qualities by acting upon one another, but are only 
mixed, and by a mixture of their Colours produce 
white, may further appear by thefe Arguments. _ 

If the Paper be placed beyond the Focus G, fuppoie 
at and then the red Colour at the Lens be alternate- 
ly intercepted, and let pais again, the violet Colour on 
the Paper will not fuffer any change thereby, as it ought 
to do if the feveral forts of raysatted upon one another 
in the Focus G, where they crofs. Neither will the 
red upon the Paper be changed by any alternate Bop- 
ping, arid letting pais the violet which crolfcth it. 

And if the Paper be placed at the Focus G, and the 
white round Image at G be viewed through the Prifm 
HIK, and by the refraction of that Prifm be tranfiated 
to the place rv, and there appear tinged with various 
Colours, namely, the violet at v and red at r, and 
others between, and then the red Colour at the Lens be 
often ft opt and let pafs by turns, the red at r will ac- 
cordingly disappear and return as often, but the violet 
at v will not thereby fuifer any change. And lo by 
flopping and letting pafs alternately the blue at the 

Lens, 
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Lens, the blue at r will accordingly difappear a „i 
turn, without any change made in the red at/ V*' 
red therefore depends on one fort of rays, and the ii 
on another fort, which in the Focus G where the • 
commixt do not a a on one another. And there ^ are 
fame reafon of the other Colours. 15 tflt 



1 confidered further, that when the mod refran«*ki 
rays P p, and the lea ft refrangible ones T t, are by b ' 
verging inclined to one another, the Paper, if held I' 0 ” 
oblique to thofe rays in the Focus G, might reflefr ? 
fort of them more copioufly than the other fort and°h! 
that means the reflected Light would be tinged in \\ ! 
Focus with the Colour of the predominant rays 
vided thofe rays leverally retained their Colours or eo 
loriflc qualities in the compofition of white made b" 
them in that Focus. But it they did not retain them 
in that white, but became all of 'them feverally endued 
there with a difpohtion to ftrike the fenfe with the per. 
eeption of white, then they could never lofe their white- 
nets by fuch reflexions. I inclined therefore the Paper 
to the rays very obliquely, as in the fecond Experiment 
of this Book, that the moft refrangible rays might be 
more copioufly reflected than the reft, and the white, 
nets at length changed fucceffively into blue, indico 
and violet. Tlien I inclined it the contrary way, that 
the moft refrangible rays might be more copious in the 
reflected Light than the reft, and the whitenefs turned 
fucceffively to yellow, orange and red. 

Laftly, I made an Inft rumen t XY in falhion of a 
Comb, whofe Teeth being in number iixteen were 
about an Inch and an half broad, and the inter; als of the 
Teeth about two Inches wide. Then by interpiflg 

llie- 
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- „■ the Teeth of this 1 nftrumcnt near the Lens, 

fucceffively the | the Colours by the mterpofed 
1 intercepted L we nt on through the in- 

1ms chan|e into the Colour compounded of thofe 

Colours which were not intercepted, and that Coloui 
w“s by the motion of the Comb perpetually varied lo, 
that in the paffing of every Tooth over the Lens all 
thefe Colours red, yellow, green, blue and pui pie, did 
always fucceed one another. 1 caufed there oie all the 
Teeth to pals fucceffively over the Lens, and when the 
motion was flow, there appeared a perpetual fucceffion 
of the Colours upon the Paper : But if I lo much acce- 
lerated the motion, that the Colours by i talon oi then 
quick fucceffion could not be diftinguilhed from one 
another, the appearance of the Angle Colours ceafed. 
There was no red, no yellow, no green, no. blue, nor 
purple to be feen any longer, but from a confuiion of 
them all there arofe one uniform white Colour. Of the 
Light which now by the mixture of all the Colours ap- 
peared white, there was no part really white. One 
part was red, another yellow, a third green, a fourth 
blue, a fifth purple, and every part retains its proper 
Colour till it ftrike the Senlorium. If the impreffions 
follow one another ilowly, lb that they may be feve- 
rally perceived, there is made a diftinbt fenfation of all 
the Colours one after another in a continual fucceffion. 

But 
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J'-ut it the impreflions follow one another fo n „- 
that they cannot be leverally perceived, there .;?)' 
out ot them all one common fenlation, which ; . 

ther of this Colour alone nor of that alone, but kl?!' 
lei 1 indifferently to ’em all, and this is a fenfcrin- 
whi tends. _ By thequicknefs of the ifucceffions tEe 
prefhons of the feyera I Colours are confounded in T 
Senibrium, and out of that confufion ariibth a m ixti‘ 
lation . I f a burn ing Coa 1 be ni mbly moved round ^ 
Circle with Gyrations continually repeated, the whY 
Circle will appear like fire ; the reafon of which is h° £ 
the 1 eolation of the Coal in the feveral places of 
Circle remains impreit on the Senfonum, until t? 
Coal return again to the lame place. And lb [ n 6 
quick confecution of the Colours theimpreffion of ever! 
Colour remains in the Senforium, until a revolution or 
ali the Colour? be compieated, and that firft Colour re- 
turn again. The impreflions therefore of all the fucceffive 
Colours are at once in the Sen fori urn, and joyntly ftirun 
-a fenfation of them all ; and lb it is manifelt by this Ex- 
periment, that the commixt impreflions of all the Co- 
lours do flir up and beget a fenlation of white, that is 
that whitenefs is compounded of all the Colours. 

And if the Comb be now taken away, that all the 
Colours may at once pal’s from the Lens to the Paper, 
and be there intermixed, and together reflected thence 
to the Spectators Eyes their impreflions on the Senfo- 
Tium being now more ftibtily and perfectly commixed 
there, ought much more to liir up a fenlation of white- 
nefs. 
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You irnv inftead of the Lens life two Prilms H IK 
-JlW, which by reftafting the coloured Light 
the contra.} way to that of the toft tetragon, may 
make the diverging rays converge and meet again m b, 
as you fee it represented in the leventh tigure. F01 Fig, 7. 
where they meet and mix they will com pole a whi e 
Light as when a Lens is uled. 

EX PER. XI 

Let the Sun’s coloured Image PT fall upon the Wall 8. 
ota dark Chamber, as in the third Experiment of the 
fir A Book, and let the fame be viewed through a Prifm 
a be, held parallel to the Prifm ABC, by whole refra- 
ction that Image was made, and let it now appear lower 
than before, fuppofe in the place S over againft the red 
colour T. And if you go near to the Image PT, the 
Spedtrum S will appear oblong and coloured like the 
Image PT ; but if you recede from it, the Colours of 
the Spedtrum S will be contracted more and more, and 
at length vaniih, that Spedtrum S becoming perfedtly 
round and white ; and if you recede yet further, the 
Colours will emerge again, but in a contrary order. 

Now that Spedtrum S appears white in that cafe when 
the rays of feveral forts which converge from the feve- 
ral parts of the Image PT, to the Prifm a be, are fo 
refradted unequally by it, that in their paffage from the 
Prifm to the Eye they may diverge from one and the 
lame point of the Spedtrum S, and fo tall afterwards 
upon one and the lame point in the bottom of the Eve 
and there be mingled. ™ ’ 



G 
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, A “ d j[ urt [ ie 'S If the Comb be here madeufe of i 
whole 1 eeth the Colours at the linage PT mav I ’A 
ceflively intercepted 5 the Speftrum S when tlw- Uc 
is moved (lowly will be perpetually tinged with r b 
ceflive Colours : But when by accelerating the n ^ c ' 
of the Comb, the fucceflion of the Colours’ is f 0 Ot ! 0!1 
that they cannot be leverally feen, that Spectrum' ?? 
a confuted and mixt fenfationof them all, will ■> ,bjf 
white, 5 Uia iPeat 



EXPER. XII. 



I he Sun fhining through a large Prifm ABC pn 
a Comb X Y, placed immediately behind the Prifm 
Light which puffed through the interfaces of the Teefl 
tell upon a white Paper DE. The breadths of t kl 
Teeth were equal to their interftices, and ieven Teeth 
together with their interftices took up an Inch m 
breadth. Now when the Paper was about two or 
three Inches diftant from the Comb, the Light which 
paffed through its feveral interftices painted fo many 
ranges of Colours kl, mn, op, qiyfc Tc. which were 
parallel to one another and contiguous, and without any 
mixture of white. And theie ranges of Colours, if the 
Comb was moved continually up and down with a re- 
ciprocal motion, alcended and defeended in the Paper, 
and when the motion of the Comb was fo quick, that 
the Colours could not be difanguifhed from one another, 
the whole Paper by their confufion and mixture in the 
Senforiuin appeared white. 
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T pt -he Comb now reft, and let the Paper be remo- 
ved further from the Prifm, and the ieveral ranges of 
Colours will be dilated and expanded into one another 
more and more, add by mixing their Colours will di- 
Ce one another, and at length, when the diftance 
of the Paper from the Comb is about a Boot, oi a 
little more (fuppofe in the place aD aE) they wi. 
io far dilute one another as to become white. 

With any Obftacle let all the Light be now ftopt 
which paffes through any one interval of the Teeth, la 
that the range ol Colours which comes from thence may^ 
be taken away, and you will lee the Light of the reft ot 
the ranges to be expanded into the place of the radge 
taken away, and there to be coloured. Let the inter- 
cepted range pals on as before, and its Colours falling 
upon the Colours of the other ranges, and mixing with 
them, will relfore the whitenefs. 

Let the Paper a D a E be now very much inclined to 
the rays, fo that the nioft refrangible rays may be more 
copioufly reflected than the reft, and the white Colour 
of the Paper through the excefs of thofe rays will be 
changed into blue and violet. Let the Paper be as 
much inclined the contrary way, that the leaft refran- 
gible rays may be now more copioufly reflected than 
the reft, and by their excefs the whitenefs will be 
changed into yellow and red. The feveral rays there- 
tore in that white Light do retain their colorific qua- 
lities, by which thofe ot any fort, when-ever they be- 
come more copious than the reft, do by their excefs 
and predominance caufe their proper Colour to ap- 
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Anil bv the fame way of arguing, applied to the *■ , 
Experiment ot this Book, it may be concluded T 
the white Colour of all refracted. Light at its ver 
emergence, where it appears as white as before its ■ 
denee, is compounded of various Colours. 

exper. xiii. 

In the foregoing Experiment the feveral intervals 
the Teeth of the Comb do the office of fo many p r ^° ! 
every interval producing the Phenomenon of one Pdf ’ 
Whence inftead of thole intervals uhng leveral Prifm? 
try’d to compound whitenefs by mixing their Colours ii 
did it by uhng only three Priifns, as alio by ufmg J n j 
Fig. io. two as follows. Let two Prifms ABC and a he, who/ 
refrading Angles B and b are equal, be fo placed parallel 
to one another, that the refradting Angle B of the op-' 
may touch the Angle c at the bale of the other 
their planes C B and cb, at which the rays emerge^ 
lye in diredum. Then let the Light trajeded through 
them fall upon the Paper M N, diftant about 8 or r: 
Inches from the Prkms. And the Colours generated 
by the interior limits B and c of the two Priims, will 
be mingled atPT, and there compound white, font 
either Frifni be taken away, the Colours made by the 
other will appear in that place P T, and when the Mm 
is reftored to its place again, fo that its Colours my 
there fall upon the Colours of the other, the mixture 
of them both will reftore the whiteneis. 



— 
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This Experiment fucceeds alfo, as I have tryed,when 
f J Cle b P of the lower IWm, IS a little greater than 
I » ® 7, n ot - the upper, and between the mtenor 
WdesBandc, there intercedes feme fpace Be, as is 
reprefented in the Figure, and the retracting plane, 
S , nd bc , are neither in duettum, nor parallel to 
one another. For tirere is nothing inore requilite to 
the fuccefs of this Experiment, than tint the 1 aj s o. all 
forts may be uniformly mixed upon the Paper m the 
place PT If the moft refrangible rays coming horn 
the fuperior Pril'm take up ail the lpace from M to P, the 
nvs of the fame- fort which come from the interior 
p/ifm ought to begin at P, and take up all the reft of the 
fpace from thence towards N. If the leaf! refrangible 
rays coming from the fuperior Prilm take up the lpace 
M T, the rays of the fame kind which come from the 
other Priiin ought to begin at 1 ,and take up the rema in— 
6g fpace T N." If one fort of the rays which have in- 
termediate degrees of refrangibility, and come from the 
fuperior Pril'm be extended through the lpace MQ, and 
another fort of thole rays through the fpace MR, and 
a third fort of them through the lpace M S, the fame 
forts of rays coming from the lower Pril’m, ought to il- 
luminate the remaining (paces Q;N, RIS!, SN rel’pe- 
lively. And the fame is to be underftood of all the 
other forts of rays. For thus the rays of every fort will 
befcattered uniformly and evenly through the whole 
fpace MN, and fo being every where mixt in the fame 
proportion, they mull every where produce the fame 
Colour. And therefore iince by this mixture they pro- 
duce white in the exterior IpacesMP and TN, they 
mull alfo produce white in the interior lpace PT. This 

is. 






is the reafon ol the compofition by which t, r i * 
was produced in this Experiment, and by 
way loever I made the like compofition the 
whiten efs. Ult Wa s 

Laftly, M with the Teeth of a Comb 0 f a dn r 
the coloured Lights of the two Prifms which feij ^ 
the lpace PT be alternately intercepted that 
FT, when the motion of the Comb is flow, 5 w flt „j Pacc 
appear coloured, but by accelerating the 
the Comb fo much , that the fucceffive Colom? 11 °* 
not be diftinguifhed from one another, it will' CaR ' 
white. a PP«ar 

EX PER. XIV. 

Hitherto I have produced whitenefs by mi x ; no 
Colours of Pri l'ms. If now the Colours of natural Pu 
dies are to be mingled, let Water a little thickned wh 
boap be agitated to wife a froth, and after that froth 
nas hood a little, there will appear to one that fhali 
vyew it intently various Colours every where in the 
hi r laces ol the leveral Bubbles* but to one that fell 
go fo far off that he cannot diftinguifh the Colours from 
one another, the whole froth will grow white with a 
perfedt whitenefs. 

EX PER. XV. 

Laftly, in attempting to compound a white by mixing 
rhe coloured Powders which Painters ule, I conlidered 
that all coloured Powders do fupprels and flop a 
them a very con lid era ble part of the Light by which 

they 
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illuminated. For they become coloured by 

rheLi^ht of their own Colours more copioully, 

all Other Colours more lpannglv, and yet 
and that o Li ht 0 f t heir own Colours lo 

coraoufly as white Bodies do. It red Lead, for inftance, 
anil a white Paper, be placed in Ae redl.aght oLthc 
coloured Speftrum made in a dark Chambei by the tc- 
fraaion Of a Prifrn, as is elefenbed in the third Eperi- 
nentofthe firft Book ; the Paper will appear more lu- 
cid than the ted Lead, and therefore reflects the red- 
making rays more copioully than red Lead noth. . nu 
if they be held iu the Light ot any other Colour, the 
Light reflected by the Paper will exceed the Light re- 
eled by the red Lead in a much greater proportion. 
And the like happens in Powders of other Colours. 
And therefore by mixing fuch Powders we are not to 
expeft a ftrong and full white, fuch as is that of Paper, 
butfome dusky obfeure one, fuch as might arife Lorn a 
mixture of light and darknefs, or from white and black, 
that is, a grey, or dun, or ruffe t brown, fuch as are the 
Colours of a Man’s Nail, of a Moufe, of Affies, of or- 
dinary Stones, of Mortar, of Duff and Dirt in High- 
ways, and the like. And fuch a dark white 1 have 
often produced by mixing coloured Powders. For thus 
one part of red Lead, and live parts of Viride JEyis^ com- 
poled a dun Colour like that of a Moufe. For thefe 
two Colours were feverally fo compounded of others, 
that in both together were a mixture of all Colours ; and 
there was lefs red Lead ufed than Vinde Airis, becaule 
of the fulnefs of its Colour. Again, one part of red 
Lead, and four parts of blue Bile, compofed a dun Co- 
lour verging a little to purple, and by adding to this a 

certain 
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certain mixture of Orpiment and Viridt •JEru ' 
proportion, the mixture loft its purple tin£turp ln 
came perfectly dun. But the Experiment fucceif 1 ?^ 
without Minium thus. To Orpiment I add-H uM 
and little a certain full bright purple, which P • ^ 
trie until the Orpiment ceafed to be yellow, and h ^ 



of a pale red. Then I diluted that red bv aA#** 
little i r inde Mrk, and a little more blue Bile H- T* 
rmt Mrk, until it became of fuch a grey or - 
as verged to no one of the Colours more than 
ther. For thus it became of a Colour equal in ,!?°' 
neis to that of A flies or of Wood newly cut T 11 ?’ 
Man s Skin. The Orpiment reflected more Lioiif 1 
did any other of the Powders, and therefore condt? ^ 
more to the whitenefs of the compounded Colour tl 
t j. 1 3 r * , F ° the proportions accurately m ? 

difficult, by reafon of the different goodnels of pL 
ders or the lame kind. Accordingly as the Colour of 
any Powder is more or Ids full and luminous, itou% 
to be ufed in a lets or greater proportion. 

Now confidering that theft: grey and dun Col on5 
may be alio produced by mixing whites and blacks and 
by confluence differ from perfect whites not in Species 
or Colours but only in degree of luminoufnefs, it is m. 
nifeft that there is nothing more requifite to male 
them perfectly white than to increafe their Light fu| 
ciently ; and, on the contrary, if by increafing their 
Light they can be brought to perfect whitenefs, it will 
thence alio follow, that they are of the fame Species of 
Colour with the befr whites, and. differ from them only 
in the quantity of Light. And this I tryed as follows. 

: took the third of the above-mentioned grey mixtures 
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r tivit which was compounded of Orpiment, Purple, 
kffe I, fl MMrk) and rubbed it thickly upon the 
floor of my Chamber, where the Sun Atone upon .t 
through the opened Cafemeflt ; and by it, in the ilia- 
dow, 1 laid a piece of white Paper of the lame bignefs. 
Then going from them to the diftance ot i a 01 J 8 Feet, 
fo thaCl could not difeern the unevennefs ot the iurface 
of the Powder, nor the little fhadows let fall Loin the 
oritty particles thereof ; the Powder appeared intently 
white, fo as to tranfeend even the Paper it felf m white- 
nefs, efpecially if the Paper were a little (haded from 
the Light of the Clouds, and then the Paper compared 
with the Powder appeared of fuch a grey Colour as the 
Powder had done before. But by laying-the Paper 
where the Sun fliines through the Glafs of the Window, 
or by ihutting the Window that the Sun might fliine 
through the Glal’s upon the Powder, and by fuch other 
fit means of increafing or decreafing the Lights where- 
with the Powder and Paper were illuminated , the 
f fight wherewith the Powder is illuminated may be 
made ftronger in luch a due proportion than the Light 
wherewith the Paper is illuminated, that they fhall both 
appear exactly alike in whitenefs. For when I was 
trying this, a Friend coming to vifit me, I ftopt him 
at the door, and before I told him what the Colours 
were, or what I was doing ■ I askt him, Which of the 
two whites were the beft, and wherein they differed ? 
And after he had at that diftance viewed them well, he 
anlwered, 1 hat they were both good whites, and that 
he could not fay which was beft, nor wherein their Co- 
lours differed. . Now if you confider, that this white 
of the Powder in the Sun-Tune was compounded of the 

P Colours 
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Colours which the component Powder. ( o,,,; 
Purpie, Bile, rndPi**} Erh) have in the filSfl 

™ l > X ou mu ? ac knowledgfe by this Exnerirr A"”‘ 
v. td as by the former, that pei-fedt whitci Ai * m"'’ as 
compounded of Colours. be 

From what lias been laid it is alfo evident tint ,1 
whttenels of the Sun’s Light is compounded of Sj ' 
Colours wherewith- the feyeral forts of rays W Z t 
l. lat ight confifts, when by their feveral lefranqk? 
ties they are feparated from one another, do 

P \ my ot ier white Body whereon they fall. For tilf 
Colours by Prop a- are unchangeable, and X X 
all thole rays with thole their Colours are mixta^ 
they reproduce the fame white Light as before. b ' 

PROP. VI. PROS. IB 

h a mixture of f rimary Colours , the quantity and qmi m 

of each king given , to know the Colour of the cm. 
found , 

V\ ith the Center Q and Radius O D dderibe a Circfe 
ADF, and diftimguifh its circumference into feven parts 
!.)L, LF, FG, G A, AB, BC, CD, proportional to 
the feven mu heal Tones or Intervals of the eight Sounds- 
iSW, /a, /&, July la . , mf fa ? [of contained in an Eight, 
that is, proportional to the numbers * i , -i , 1 1 °i 
Let the hr ft part DE reprclcnt a red Colour, tk 
lecond EF orange, the third FG yellow, the fourth 
GH. green, the fifth AB blue, the" iixth BC indico, 
and the feventh CD violet. And- conceive that thefe 
are all the Colours of uncoinpoimded Light, gradually 

palling 
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faffing into one another, as ‘hey 'Wieu made »y 
Prifms • the circumference D h r G A a g g, 1 e pi a n 
ritw the whole leries of Colours from one end ot u* 
Sun’s coloured Image to the other, lb that from D to E 
te al) degrees of red, at £ the mean Colour between red. 
and orange, from E to F all degrees of orange, at f the 

mean between orange and yellow, from F to G a i de- 

o-rees of yellow, and fo on. Let p be the center ol 
gravity of the Arch DE, and q, r, s, t, v, x, thecenteis 
of gravity of the Arches Eh, EG, G A, A B, B 
and CD relpeftively, and about thofe centers ol gra- 
vity let Circles proportional to the number of rays of 
each Colour in the given mixture be deicribed; that is, 
the circle p proportional to the number of the red-ma- 
king rays in the mixture, the Circle q proportional to 
the number of the orange-making rays in the mixture, 
wA in nf fhprpfK Find Hip mmmon center of gravity 



of all thofe Circles p, q, r, s, t, v, x. Let that center 
be Z j and from the center of the Circle ADF, through 
Z to the circumference, drawing the right line O Y, 
the place of the point Y in the circumference fhall fhew 
the Colour arifing from the competition of all the Co- 
lours in the given mixture, and the line OZ fhall be 
proportional to the fulnefs or intenfenefs of the Colour, 
that is, to its di dance from whiteneis. As if Y fall in 
the middle between F and G, the compounded Colour 
fhall be the belt yellow ; if Y verge from the middle to- 
wards F or G, the compounded Colour fhall according- 
ly be a yellow, verging towards orange or green. If 2 
fall upon the circumference the Colour fhall be intenfe 
and florid in the higheflr degree j if it fall in the mid 
way between the circumference and center, it fhall be 

P 2 but 
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out half io mtenie, that is, it (hall be fuch a Coin, 
would be made by diluting the intenfeft yellowl?^ 5 
equal quantity of whitenefs ; and if it fall a " 
center O, the Colour Oanll 1,,,., JS? 1 »PW the 



center O, the Colour (hall have loft all its inS„ ' 
and become a white. But it is to be noted, That if? 
point Z fall in or near the line O D, the main ingrediem 
being the red and violet, the Colour compounded " 
not be any of the pnimatic Colours, but a purple i„ 
dining to red or violet, accordingly as the noin’i ? 
beth on the fide of the line DO towards E or towardsP 
and in. general the compounded violet is more bright 3 nj 
more fiery than the uncompounded. Alfo if on]v T 
ot the primary Colours which in the Circle areopno e 
to one another be mixed in an equal proportion tlr 
pomt Z fhall fall upon the center O, and yet the Co 
lour compounded of thofe two lhall not be perfedlv 
white, but fome faint anonymous Colour. For I coiila 



never yet by mixing only two primary Colours produce 
a perted white. W hether it may be compounded of a 
mixture of three taken at equal diftances in the circum- 
ference Ido not know, but of four or five 1 do not much 
queftion but it may. But thefe are curiofities of little 
or no moment to the underhand ing the Phenomena of 
nature. For in all whites produced by nature, there 
ufes to be a mixture of all forts of ray?,' and by could 
quence a compofttion of all Colours. 

To give an inftance of this Rule; fuppofeaColouris 
compounded of thefe homogeneal Colours, of violet 
i part, of indico i part, of blue 2 parts, of green 3 parts, 
of yellow 5 parts, of orange 6 parts, and of red 10 parts. 
Proportional to thefe parts I deferibe the Circles x,v,t, 
s, r, q, p refpectively, that is, io that if the Circle x 
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hp . the Circle v may be i, the Circle t a, the Circle 
.3 and the Circles r, qandp, 5, 6and io. T enl 
fin 3 ,] | the common center of gravity of thefe Cli cks, 
fnd through Z drawing the line OY, the point Y falls 
upon the circumference between E and F fome thing 
nearer to E than to F, and thence I conclude, that the 
Colour compounded of thefe ingredients will be an. 
orange, verging a little more to red than to yellow. 
AlfoVfind that OZ is a little lefs than one half of 
OY and thence I conclude, that this orange hath a 
little lefs than half the fulnefs or intenfenefs of an un- 
compounded orange ; that is to fay, that it is luch an 
orange as may be made by mixing an homogeneal orange 
w ith a good white in the proportion of the line O Z to 
the line Z Y, this proportion being not of the quantities 
of mixed orange and white powders, but of the quan- 
tities of the lights reflected from them. 

This Rule I conceive accurate enough for pra&ife, 
though not mathematically accurate ; and the truth ot 
it may be fuffidently proved to fenfe, by flopping any 
of the Colours at the Lens in the tenth Experiment of 
this Book. For the reft of the Colours which are not 
flopped, but pafs on to the Focus of the Lens, will 
there compound either accurately or very nearly fuch 
a Colour as by this Rule ought to refult from their, 
mixture. 
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PROP. VII. THEOR. v. 

.Ad the Colours in the Univerfe which are made fa r ;u 
and defend not on the fewer of imagination ^ 
tuba the Colours of homogene al Lights, or compLTi 
of theje and that either accurately or veru neo-l'^ 
fording to the R,ule of the foregoing TroMem . '' ^ ‘ U ‘ 

For it lias been proved (in Prop.i. Lib.i.) thartk 
changes of Colours made by refradions do not t 
tom any new modifications of the rays impreft by t] ]t) c 
retradmos, and by the various terminations of£f 
and ihadpw, as has been the conftant and general j? 
liion ot Philolophers. It has alfo been proved that ip 
ieveral Colours of the homogeneal rays do conftant'v 
anhver to their degrees of refhngibility, (Prop.i. uin 
ant Piojp.2. Lib. if and that their degrees of refranei* 
bility cannot be changed by refradions and reflexion?' 
(riop.i. Lib. i .) and by confequence that thole the’ 
colours are likewife immutable. It has alfo been to. 
ved daredly by refrading and refleding homogeneal 
Cights apart, that their Colours cannot be changed 
( Prop. a. Lib. 2.) ^ )t has been proved alfo, that when 
•the fey era 1 forts of rays are mixed, and in crofline pafs 
through the lame Ipace, they do not ad' on one another 
lo as to change each others colorilick qualities, (Expcr. 
l o. Lib. 2.) but by mixing their adions in the Senff 
num beget a lenfation differing from what either would 
do apart, that is a lenfation ot a mean Colour between 
^beir proper Colours ; and particularly when by the 
roncourle and mixtures ot all forts of rays, a white 

Colour 



i 
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Fnfmu- is produced, the white is a mixture of all the 
Colours which the rays would have apart ( J .Hop .5. 

, ) The rays in that mixture do not Joie or alter 
tffeir levend colorifick qualities, but by all their various 
binds of adions mixt in the Senlorium, beget a lenla- 
tion of a middling Colour between all their Colours 
which is whitenefs. For whitenels is a mean between 
all Colours, having it lelf indifferently to them all, lo 
as with equal facility to be tinged with any of them. 
\ red Powder mixed' 'with* a little blue, or a blue with 
a little red, doth not prefently lofe its Colour, but a 
white Powder mixed with any Colour is prelently tin- 
ged with that Colour, and is equally capable of being- 
ringed with any Colour what-ever. It has been the wed 

alfo, that as the Sun’s Light is mixed of all forts of rays, 

-1- -1 






of rays ; thofe rays having from the beginning their ic- 
veral colorific qualities as well as their ieveral refrangh 
bili ties, and retaining them perpetually un chang’d not- 
withdanding any refradions or reflexions they may at 
any time fuffer, and tliat when-ever any fort of the 
Sun’s rays is by. any means (as by reflexion in Exper. 9 
and 10. Lib. 1 . or by retfadion as happens in all re- 
fradions ) leparated from the reft, they then manifeft 
their proper Colours. Thefe things have been proved, 
and theium of all this amounts to the Proportion here 
to be proved. For if the Sun’s Light is mixed of lb- 
veral forts of rays, each of which have originally their 
feveral refrangibilities and colorifick qualities, and nor' 
withftandmg their refradions and refledions, and their 
various reparations or mixtures, keep thole their ori 
gmal properties perpetually the fame without altera- 



tion ; 
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non ; then all the Colours in tire World muft b 
conftantly ought to arife from the original ££$* 
litieb o t the rays whereof the LLhtx 



1 mes ot .he rays whereof the Light! confift 3 ls 

thole Colours are leen. And therefore if the „ r llc| 

any Co our what-ever be required, we have noth, 0 
to do then to ronfirW 



to dothen to confider how^rays inthe Sun- 
ha ve by reflexions or refra&ions, or other caufes hi ^ 
ted from one another, or mixed together * or oth P 
hnd out what lbrts of rays are in the Light by 
that Colour is made, and in what proportion fc 
then by the laft Problem to learn tile 
ought to ante by mixing thofe rays (or their Cnl ! 
in that proportion. I fpeak here of Colours fo f %i) 
they arife from Light. For they appear fomefoS? 
other caufes, as when by the power of phantaivV 

, ee CoI ° u /" s 111 a Dream, or a mad Man fees things beU 
him which are not there ; or when we fee Fire bv^ftrik? & 
the Eye, or fee Colours like the Eye of a Q 

WM l y pre , ffing OUl ' E > es in eith « corner S 

we look the other way. Where thele and fudili , 
uaules mteipole not, the Colour always anfwers t 
•the fort or forts of the rays whereof the Light conft 
as 1 have conftantly found in what-ever PhlnomJ 
Cosouis I have hitherto been able to examin. 1 lhallia 
the following Propofttions give inftances of this in die 
rhsnomem 0 1 duefeft note. 



PROP. 
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PROP. VIII. PROB. III. 

Bi the di[, covered Properties of Light to explain the 
Colours made by ‘prijms . 

Let ABC reprefent a Prifm refrafting the Light of fig. 
the Sun, which comes into a dark Chamber tiuouo i a 
Hole F * almoft as broad as the Prifm, and let M N 
reprefent a white Paper on which the refracted Light is 
call, and fuppofe the moft refrangible or deepeft violet 
making rays fall upon the fpace Pt , the lead refran- 
gible or deepeft red-making rays upon the fpace T'g 
the middle fort between the Indico-making aud blue- 
making rays upon the fpace Q * , the middle fort of the 
green-making rays upon the fpace Re, the middle fort 
between the yellow-making and orange-making rays 
upon the fpace S cd and other intermediate forts upon 
intermediate fpaces. For fo the fpaces upon which the 
feveral forts adequately fail will by reafon of the diffe- 
rent refrangibility of thofe forts be one lower than ano- 
ther. Now if thePaper MN be fo near the Prifm that the 
fpaces P T and vi do not interfere with one another, the 
diftance between them T » will be illuminated, by all 
the lorts of rays in that proportion to one another which 
they have at their very flrft coming out of the Prilm 
and conlequently be white. But the fpaces PT and v? 
on either hand, will not be illuminated by them all 
and therefore will appear coloured. And particularly 
at P where the outmoft violet-making rays fall alone 
the Colour mu ft be the deepeft violet. At Q where the 
violet-making and indico-making rays are mixed , it 

Q mu ft 
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mu ft be a violet inclining much to indico. At t> 
the violet-making, indico-making, bkie-makiL*^ 
one halt of the green-makmg rays are mixed, tlietr® 1 
lours muft ( by the conftru Chon of the fecond Ymh\ 
compound a middle Colour between indico and U ] 
At S where all the rays are mixed except the red 
king and orange-making, their Colours ought bv 
Rule to compound a faint blue, verging more to^ - 
than indie. And in the progrefs from S to T th[K\ 
will grow more and more faint and dilute, ’till 
where all the Colours begin to be mixed * ir •’ 
whiteneis. 5 tnd 115 

So again, on the other fide of the white at T w jj e 
the lea It refrangible or utmoft red-making r ays are aW 
the Colour muft be the deepeft red. At ff the mixt^ 
of red and orange will compound a red inclining to 
orange. At e the mixture of red, orange, yellow °aiKl 
one half of the green muft compound a middle Colour 
between orange and yellow. At x the mixture of ali 
Colours but violet and indico will compound a faint 
yellow, verging more to green than to orange. And 
this yellow will grow more faint and dilute continually 
in its progrefs from x to ir, where by a mixture of all 
forts of rays it will become white. 

Thefe Colours ought to appear were the Sun’s Light 
perfectly white: But becaufe it inclines to yellow, theex- 
cc-fs of the yellow-making rays whereby ’tis tinged with 
that Colour, being mixed with the faint blue between 
Sand T, will draw it to a faint green. Andfo the 
Colours in order from P to T ought to be violet, indico, 
blue, very faint green, white, faint yellow, orange, red. 
Thus it is by the computation : And they that pleafe to 

view 
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view the Colours made by a Pnfm will find it lo in 

N Thde are the Colours on both fides the white when 
the Paper is held between the Prifm, and the point X 
where the Colours meet, and the mtojacent white va- 
ries For if the Paper be held ftdl farther off from the 
Pr fm the moft refrangible and leaft refrangible rays 
wifl be wanting in the fiddle of the Light, and the reft 
of the rays which are found there, will l by mixture pro- 
duce a fuller green than before. Alio the yellow and 
blue will now become lefs compounded, and by com 
iequence more intenfe than before. And this alio 

agrees with experience. „ 

And if one look through a Prifm upon a white Object 
encompaffed with blackneis 01 daiknefs, the realon of 
the Colours arifing on the edges is much the fame, as 
will appear to one that lhall a little confider it. If a 
black Object be encompaffed with a white one, the Co- 
lours which appear through the Prifm are to be derived 
from the Light of the white one, fpreading into the Re- 
gions of the black, and therefore they appear in a con- 
trary order to that, in which they appear when a white 
Object is furrounded with black. And the fame is to 
be underftood when an Object is viewed, whofe parts 
are fome of them lefs luminous than others. For in the 
Borders of the more and lefs luminous parts, Colours 
ought always by the lame Principles to arife from the 
excefs of the Light of the more luminous, and to be of 
the fame kind as if the darker parts were black, but vet 
to be more faint and dilute. 



a ^ 
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WkhsfiidofQoars^ by p ; f 
applied to Colours made by theGlaffeofXu^ 

SeoSftT? °r b ^ he hUm ° Urs “f «»« Eve S 

the Objedl-glafs of a Telefcope be thicker I'. ™, r,f 
than on the other, or if one half of the Glrft 6 fide 
half of the Pupil of the Eye be covered with 5 // ? 
fubftance : the ObjeS-glafs, or that part 
Eye which is not covered, may be confidered as a W ^ 
with crooked fides, and every Wedge of Glafs' ' 0 ff» e 
pellucid fubftance, has the effefl of a Prifm mrefrast* 
the Light which paffes through it. itls S 

How the Colours in the 9th and i oth Exnerim** 
of the firft Part arife from the different reflexibiX 
Hightjis evident by what was there faid. But it is obL 
vable m the 9th Experiment, that whilft the Sun’s 
re< 5 t Light is yellow, the excefs of the blue-matin^ 
rays in the refleded Beam of Light MN, Offices only 
to bring that yellow to a pale white inclining to blue 
and not to tinge it with a manifeftly blue Colour. Jo 
obtain therefore a better blue, I ufed inftead of the yel- 
low Light of the Sun the white Light of the Clouds by 
varying a little the Experiment as follows. 



EXPEL XVI. 

Let HFG reprefent a Prifm in the open Air, and$ 
the Eye of the Spe&ator, viewing the Clouds by their 
Light coming into the Prifm at the plane fide FIGK, 
and reflected in it by its bafe H E I G, and thence going 
out through its plain fide H EFK to the Eye. And 
when the Prifm and Eye are conveniently placed, lb 
that the Angles of incidence and reflexion at the bale 

may 
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1 u a rs rWrees the Spe&ator will fee a Bow 
MN ofa blue Colour, running bom one end ot the 

bafe to the other, with the concave fade towaids him 
and the part of the bale I MN G beyond this Bow will 

be briohter than the other part EMNH on the otht. 

fade of it. This blue Colour M N being made by no- 
thins elfe than by reflexion of a fpecular luperhcies,. 
feemsfo odd a Phenomenon, and fo unaccountable tor 
by the vulgar Hypothefis of Philofophers, that 1 could 
not but think it deferved to be taken notice of. JNow 
for underftanding the reafon of it, fuppoie the plane 
ABC to cut the plane fides and bale ol the Prifm per- 
pendicularly. From the Eye to the line BC, wherein that 
plane cuts the bafe, draw the lines S p and S t, in the 
Angles Spc 50 degr. and Stc 49 degr.i 3? and the 
point p will be the limit beyond which none of the moft 
refrangible rays can pafs through the bafe of the Prifm, 
and be refradted, whole incidence is fuch that they may 
be reflected to the Eye ; and the point t will be the like 
limit for the leaft refrangible rays,, that is, beyond 
which none of them can pafs through the bafe, whofe 
incidence is fuch that by reflexion they may come to the 
Eye. And the point r taken in the middle way between 
p and t, will be the like limit for the meanly refrangible- 
rays. And therefore all the refrangible rays which fall 
upon the bafe beyond t, that is, between t and B, and 
can come from thence to the Eye will be reflected thi- 
ther : But on this fide t, that is, between t and c, many 
of thele rays will be tranfmitted through the bafe. 
And all the moft refrangible rays which fall upon the 
bafe beyond p, that is, between p andB, and ean by 
reflexion come from thence to the Eye, will be reflected 

thither. 
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:inthcr, but every where between t and c m 

amfrtTT W '? §et , throu S h the bafe and be ’ re & “ f 
and the lame is to be underftood of the meanlv 7*; 

gible rays on either fide of die point r. VVhenr/v?' 

lows, that the bale of the Prilm muft every where f 

tween t and B by a total reflexion of all forts of nv *' 

,ne Eye, look white and bright. And everv I 5 . ,0 

between t andC, by reafon of the tranfmiflion of„ e 

rays ot every fort, look more pale, obfeure .J?/ 

out at r, and in other places between p and' t wl". 

all the more refrangible rays are reflected to the C * 

and many of the lefs refrangible are tranlmitted I*’ 

excels ot the moll refrangible in therefleaed Light J » 

tmge that Light with their Colour, which is violet !! 

■flue. And this happens by taking the line CprtB a,! 

where between the ends of the Prifm H G and E 1. 

PROP. IX. P ROB. IV. 

By tie difeoverei Troferties of Light to e X phk ik 
Colours of the tUin-iom. r 

This Bow never appears but where it Rains in the 
bun-fliine, and may be made artificially by lpouting in 
Water which may break aloft, and fcatter into Drops, 
and tall down like Rain. For the Sun fhining upon theie 
props certainly caufes the Bow to appear to a Speda* 
-or handing in a due polition to the Rain and Sun. And 
hence it is now agreed upon, that this Bow is made by 
refract ion ot the Sun’s Light in Drops of killing Rain. 
This was underftood by tome of the Ancients, and of 
date more fully di {covered and explained by the Famous 
t Antonm 



SSS Bow is made in round Drops of Ram by two 
riraflions of the Sun’s Light, and one reflexion be- 
tween them, and the exterior by two rerraa ions am 
two forts of reflexions between them in each Diop o 
Water and proves his ExpHcations by Expenments 
made with a Phial full ofVVater, and with Globes ofGlafs 
filled with Water, and placed m the Sun to make the 
Colours of the two Bows appear in them. . 1 he lame 
Explication Bes-Cartes hath purfued in his Meteors, 
and mended that of the exterior Bow. Butwhilft they 
tmderftood not the true origin of Colours, it’s necellary 
to purfue it here a little further. For underftanding 
therefore how the Bow is made, let a o^rop of Ram 01 
anv other fpherical tranfparent Body be reprefented by 
the Sphere BN FG, delcribed with the Center C^ and Fig. 
Semi-diameter C N. And let A N be one ot the Sun s 
rays incident upon it at N, and thence refracted to F, 
where let it either gh out of the Sphere by refraction to- 
wards V, or be reflected to G ; and at G let it either go 
out by refraCtion to R, or be reflected to H ; and at H, 
let it go out by refraction towards S, cutting the inci- 
dent ray in Y ; produce AN and.R O, till they meet in 
X, and upon A X and N F let fall the perpendiculars 
CD and CE, and produce CD till it fall upon the cir- 
cumference at L. Parallel to the incident ray A N draw 
the Diameter BQ, and let the fine of incidence out of 
Air into Water be to the fine of refraCtion as I to 
X. Now if you luppofe the point of incidence N 



to 
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move from the point B, continually till it cnm n 
the Arch QF will fir ft increafe and then decreaf ^ 

in nr ill fU A A V T% i ’ 1 „ # * 



io will the Angle AXR which the rays AN arH ^ 
contain; and the Arch QF and Angle AXR, 
biggell when ND is to CN as to //■ 

in which cale N E will be to N D as aRtoI. A 
Angle AYS which the rays A N and H S contai 
hrft^decreafe^ and the n incr eafe and grow lead w [ le 



will 

ND is to CN as a'iTrr to//8 RR,'~in whkh'J'f 
N E will be to N D as ? R tol. And fo the An^le 1 e 
the next emergent ray ( that is, the emergent ray »fi» 
three reflexions ) contains with the incident rayAV 
will come to its limit when ND is to CN as 

1 5 R R5 tQ which cafe N E will be to N D as 4 R ^ |° 
and the Angle which the ray next after that emergent’ 
that is, the ray emergent after four reflexions con! 
tains with jthe incident will come to its limit, wlir-n 
N D is to C N# as S h.rr to ^24 R R , in which cafe 
N E will be to N D as 5 R to I ; and fo on infinitely 
the numbers 3, 8, 1 5, 24, fete, being gathered by conti! 
nual addition of the terms of the arithmetical progreioit 
3, 5, 7, 9,l5Xc. The truth of all this Mathematicians will 
-ealily examine. 

Now it is to be obferved, that as when the Sun comes 
to hisTropicks, days increale and decreale but a very 
little for a great while together ; fo when by mcreali^ 
the diftance C D, thefe Angles come to their limits, 
they vary their quantity but very little for fome time 
together, and therefore a far greater number of the rajs 
which fall upon all the points N in the Quadrant 
BL, fhall emerge in the limits of thefe Angles, 
then in any other inclinations. And further it is 
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t0 be obferved, that the «y S 

|“^ofrefrangibiliY 

ferent Angles, and bang touted hom^ ^ ^ 

gathered from the foregoing 

1 For In the S’refraiigihle rays the fines 1 and R (« 
was found above) are 108 and S !i , and thenu. by 
computation the greateft Angle AX R will be found 
4.1 degrees and a minutes, and the lead Angle . , 

SO dear, and 5 7 minutes. And in the moft re tangible 
rays the fines I andR are 109 and 81, and thence by 
computation the greateft Angle AXR will be found 
4.0 degrees and i 7 minutes, and the leait Angle A 
degrees and 7 minutes. 

Su ppofe now that O is the Spectator s Eye, and OP a line F*g . 1 5 • 
drawn parallel to the Sun’s rays, and let P O E, PO F, 

POG, POH, be Angles of 40 degr. 17 min. 42 degr. 

3 min. 50 degr. 57 min. and $ 4 degr. 7 min. refpeftively, 
and thefe Angles turned about their common tide O P, 
fhall with their other tides OE, OF; OG, OH dc- 
delc ri be the verges of two Rain-bows AFBE and 
CHDG. For if E, Fb, G, H, be Drops placed any 
where in the conical iuperficies deferibed by OE, O F, 

OG, OH, and be illuminated by the Sun’s rays SE, 

SF, SG, SH; the Angle SEO being equal to the 
Angle POE or 40 degr. 1 7 min. fhall be the greateft 
Angle in which the moft refrangible rays can after one 
reflexion be refracted to the Eye, and therefore all the 
Drops in the line OE fhall lend the moft refrangible 

R ravfi 
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rays mod copioufly to the Eye, and thereby ftriki. -i 
lenfes with the deepeft violet Colour in that rt • 
And in like manner the Angle SFO being, en', 
the Angle EOF, or 41 deg. 2 min. fhall be the S? 
in which the lead refrangible rays after one 
can emerge out of the Drops, and therefore thofe ?? 
fhall come mod copioufly to the Eye from theDren^ 
the line O F, and drike the fenles with the deei^ft ? 
Colour in that region. And by the lame argumenj 
the rays which have intermediate degrees of refrangi!, 1 
lity fhall come mod copioufly from Drops between 
E and F, and drike the lenfes with the intermedia 
Colours in the order which their degrees of refrac^ibi. 
lity require , that is, in the progrefs from E to F Cf 
from the inhde of the Bow to the outiide in this order 
violet, indico,blue, green, yellow, orange, red. But tin 
violet, by the mixture of the white Light of the Clouds 
will appear faint and incline to purple. 

Again, the Angle SGO being equal to Angle POG 
or 5 0 gr. 5 1 min. fhall be the lead Angle in which the 
lead refrangible rays can after two reflexions emerge out 
of the Drops, and therefore the lead refrangible rays Dial 
come mod copioufly to the Eye from the Drops in tk 
line O G, and drike the fenfe with the deepeft red in 
that region. And the Angle S H O being equal to tfe 
Angle P OH or 54 gr. 7 min. fhall be the lead Angle is 
which the mod refrangible rays after two reflections can 
emerge out of the Drops, and therefore thole rays M 
come mod copioufly to the Eye from the Drops in the 
line O H, and drike the lenfes with the deepeft violet s 
that region. And by the fame argument, the Drops - 
the regions between G and FI fhall drike the fenfe witn 
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„ . • ,.\. r order winch their de- 

the intevnieaiatc o yj^ th%t ; Sj the progrefs 
gV ees of refrangbJ* ^ ^ q( the Bow t „ the out- 

from G to n, 0 n0e yellow, green, blue, in- 

«e in thhotd^ [ ine i O E, O F, O G. 

dico, violet. Anaun ■ , above-mentioned 

OH, may ^tsdany^iy ^ ^ 

comcil tnpeifeies, ' ■ underfto od of the Drops 

thofe tuperficie, 

Stt Ttas toll thefe be made two Bows of Colours, an 
• 1 it hi onoer bv one reflexion in the Drops, 
K^^“*r by two ; for the Light be- 
" fi inter bv every reflexion. And their Colouw 

Sly in a contrary order to one another, the red o 
both lLws bordering upon the ipace OF which is b - 
ween the Bows. The breadth of the interior Bow 
EO F meafured crots the Colours 

md the breadth of the exterior GOH ihall be 3 
; le „r. 10 mill, and the diftance between them COF 
fhall be Bar. min. the greateft Semi-diameter of the 

innermoft, that is, the Angle POF being |2 g ^2 mm. 
and the lead Semi-diameter of the outermod r O G, be- 
jno c:o <fr. 57 min. Thele are the meafuresof the bows, 
as they would be were the Sun but a point ; for by the 
breadth of his Body the breadth of the Bows will be in- 
created and their- - didance dec reafed by half a degree, 
and fo the breadth of the interior Iris will be 2 degr. 
15 min. that of the exterior ^ degr. 40 min. their dL 
dance 8 degr. 25 min. the greated Semi-diameter of the 
interior Bow 42 degr. 17 min, and the lead of the ex- 
terior jo.degr, 42 min. And fuch are the di men lions 
of the Bows in the Heavens found to he very nearly, 



when their Colours appear ftrong and perfoft v 
once, by ilich means as 1 then had, I meafured i 
greateft Semi-diameter of the interior Iris about ±1 F c 
grees, the breadth of the red, yellow and green in t j C * 
iris 63 or 64 minutes, befides the outmoft faint red T 
feured by brightnefs of the Clouds, for which !.* 
may allow 3 or 4 minutes more. The breadth of tv 
blue was about 40 minutes more befides the vioU 
which was fo much obi cured by the brightnefs of ^ 
Clouds, that 1 could not meafure its breadth. 
fuppofing tlie breadth of the blue and violet together 
to equal that of the red, yellow and green together 4 
whole breadth of this Iris will be about ^ degrees l 
above. The lea ft diftance between this Iris and" the ex! 
terior Iris was about 8 degrees and 30 minutes. The a 
terior Iris was broader than the interior, but fo taint 
especially on the blue fide, that I could not meafurelt! 
breadth diftindfly. At another time when both Bows 
appeared more diftind, 1 meaiured the breadth of the 
interior Iris a gr. 1 o', and the breadth of the red, yel- 
low and green "in the exterior Iris, was to the breadtl 
of the fame Colours in the interior as g to 2. 

This Explication of the Raimbow is yet further con- 
firmed by the known Experiment ( made by Antm 
de J)ommk and c Des~Cartes) of hanging up any where 
in the Sundhine a G 1 lfs-Globe filled witli Water, and 
viewing it in iuch a pofture that the rays which com; 
from the Globe to the Eye may contain with the Suif 
rays an Angle of either 42 or 50 degrees. For if the 
Angle be about 42 or 43 degrees, theSpedator (lii]> 
pole at O) fhall lee a full red Colour in that fide of the 
Globe oppofed to the Sun as ’ti-s reprefented at F, m 



„ tliat Angle 

| ree ?/"d Ancle be made about 50 degrees (lupnole by 
But if tile Angie u « qp apP ear a red Colour 

!“;» "i ?,t: 

m that nae 01 ^ , r p u v lifting up the Globe 

f 0 "ff dwTiTn ‘turn fedeffively to the other Colours 
”n 0 b „ ree n and blue. The lame thing 1 have tried by 
cttW’f’Globe reft, and railing or deprefhng the Eye 
or Otherwile moving it to make the Angle 0 a ju ■ 

m f have heard it reprefented, that it the Light of a 
Candle be refracted by a Prifm to the Eye ; when the 
blue Colour falls upon the Eye the Spectator fhall lee 
red in the Prifm, and wheii the red falls upon the Eye 
he fhall fee blue 5 and if this were certain, the Colours 
of the Globe and Rain-Tow ought to appear in a con- 
trary order to what we find. But the Colours, of the 
Candle being very faint, the miftake feems to arife from 
the difficulty of difeerning what Colours fall on the 
Eye. For, on the contrary, 1 have fometimes had oc- 
casion to oblerve in the Sun’s Light refraded by a Prifm, 
that the Spedator always fees that Colour in the Prifm 
which falls upon his Eye. And the lame I have found 
true alfo in Candle-Light. For when the Prifm is mo- 
ved (lowly from the line which is drawn diredly from the 
Candle to the Eye, the red appears firft in the Prifm and 
then the blue, and therefore each of them is leen when, 
it falls upon the Eye. For the red pafles over the Eye 
firft, and then the blue. 
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The light which comes through Drops of 
two refractions without any reflexion, ought to 7 
ftrongeft at the diftance of* about a 6 degrees froni^? 
Sun, and to decay gradually both ways as thediiV ,! 
from him increates and decreafes. And the fainJ 
be under ftood of Light tranfmitted through fpheri u 
Hail-ftones. And if the Hail be a little flatted ^ 
often is, the Light tranfmitted may grow fo ftro np ] t 
a little leis diftance than that of a 6 degrees, as to fo ni] 
a Halo about the Sun or Moon ; which Halo, as often 
as the Hail-ftones are duly figured may b cohured 
and then it muft be red within by the leal; r efrangible 
rays, and blue without by the mod refrangible ones,elp e . 
cially if the Hail-ftones have opake Globules of Snow in 
their center to intercept the Light within the Halo (as 
Hugenim has observed) and make the infide thereof more 
diftmCHy defined than it would otherwife be. For 
fuch Hail-ftones, though fpherical, by terminating the 
Light by the Snow, may make a Halo red within and 
colour lets without, and darker in the red than with, 
out, as Halos ufe to be. For of thole rays which pis 
dole by the Snow the rubriform will he teaft refracted, 
and fo come to the Eye in the directed lines. 

The Light which paftes through a Drop of rain after 
two refractions, and three or more reflexions, is force 
ft von g enough to cauiea fenfible Bow ■ but in thofeCy. 
Tinders of Ice by which Hugenim explains the foM^ s 
it may perhaps be fenfible. 
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PROP. X. PRO B. V. 

■ Jitovered Properties of Light to explain thefit- 
B - t X " manent Colours of natural Bodies. 

There Colours arife fro m ^ e "^’^^”or«more 

r*a> .l» ion o- 

sr- 222 co..o, .«n * 

Uodien Every Body reflefts the rays ot its own Coloui 
morecopioully than the reft, and from their excels and 
poSceb therefleaed Light has its Colour. 

EX PER. XVII. 

For if the homogeneal Lights obtained by the rota- 
tion of the Problem propofed in the 4 -tlr Propohtion o 
the firft Book you place Bodies of leveral Colours, you 
will find, as 1 have done, that every Body looks molt 
lblendid and luminous in the Light of its own Colour. 
Cinnaber in the homogeneal red Light is molt reiplen- 
dent, in the green Light it is manifeftly lets reiplem 
dent and’ in ^the blue' - Light ftill lefs. Indico in the 
violet blue Light is moft rcfplendcnt, and its fplendor 
is gradually diminifhed as it is removed thence by de- 
grees through the green and yellow Light to the led. 
By a Leek the green Light, and next that the blue and 
yellow which compound green, are more ftrongly re- 
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flebted than the other Colours red and violet and r 
reft. But to make thefe Experiments the more n ° 0 ^ 
Inch Bodies ought to be choien as have the 
rnoft vivid Colours, and two of thole Bodies are ^ 
compared together. Thus, for inftance, if 
and ultra marine blue, or fome other full bho 
held together in the homogeneal Light, they wilL p 
appear red, but theCinnaber will appear of a lh 0 iH 
luminous and relplendent red, and the ultra mzr 
blue of a faint obicure and dark red ■ and if thed! 
held together in the blue homogeneal Light they \A 
both appear blue, but the ultra marine will appeu, L 
a ftrongly luminous and relplendent blue, and the 
Cinnaber of a faint and dark blue. Which puts it out 
of dilpute , that the Cinnaber reflects the red Light 
much more copiouily than the ultra marine doth, and 
tiie ultra marine reliedts the blue Light much more cq. 
pioufly than the Cinnaber doth. The fame Experiment 
may be tryed fuccesfully with red Lead and Indico, or 
with any other two coloured Bodies, if due allowance 
be made for the different ftrength or weaknels of their 
Colour and Light. 

And as the reafon of the Colours of natural Bodies is 
evident by thefe Experiments, lb it is further confirmed 
and put paft dilpute by the two firft Experiments of the 
firft Book, whereby ’twas proved in liich Bodies that 
tire relledted Light which differ in Colours do differ alio 
in degrees of fefraugibility. For thence it’s certain, 
■that lome Bodies retted the more refrangible, others 
the lels refrangible rays more copiouily. 

Aid 
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. , , hat this is not only a true reafon of thefe Co- 

lou^but even 

E fcf Bodies by reflexion cannot in the Leaft change 
JSlou7of an/one fort of rays, they cannot appear 
lloured by any other means than by reflefling thole 
wMch either are of their own Colour, or which by 

"^n^ExTeri-ents of this kind care muft be 
had that the Light be lufficiently homogeneal. bor it 
Bodies be illuminated by the ordinary priimatick co- 
lours they will appear neither of their own day-light 

Colours, nor of the Colour of the Light caft on them, 
but of fome middle Colour between both, as 1 have 
found by Experience, i hus ted Lead ( lor inftance ) 
illuminated with the ordinary prifmatick green will 
not appear either red or green, but orange or yellow, 
or between yellow and green accordingly, as the green 
Light by which ’tis illuminated is more or lefs com- 
pounded'’. For becaufe red Lead appears red when il- 
luminated with white Light, wherein all forts of rays 
are equally mixed, and in the green Light all forts of 
rays are not equally mixed, the excels of the yellow- 
making, green-making and blue-making rays in the 
incident green Light, will caufe thole rays to abound 
lb much in the refleded Light as to draw the Colour 
from red towards their Colour. And becaufe the red 
Lead reflects the red-making rays moft copiouily in 
proportion to their number, and next after them the 
orange-making and yellow-making rays j thefe rays in 

S the 
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t he relic tied Light will be more in proportion to 
Light than they were in the incident green Liahr ' 
thereby will draw the reflected Light from green?' 
wards their Colour. And therefore the red Lead will t0 
pear neither red nor green ,but of a Colour between bol 



that their Colour uies to vary with their thickrt ? 
I hus, tor in fiance, a red Liquor in a conical Gif 
held between ^ the Light and the Eye, looks of a p; 



and dilute yellow at the bottom where his thin and 
little higher where ’tis thicker grows orange, and where 
'tis Hill thicker becomes red, and where ’tis thicket 
the red is deeped and davkeft. For it is to be conceived 
that fuch a Liquor Hops the indi co-making and violet, 
making rays moil ealily, the blue- making rays more 
difficultly, the green-making rays Hill more difficultly 
and the red-making, moll difficultly : And that if tk 
thicknefs of the Liquor be only fo much as fufficesto 
flop a competent number of the violet-making and in. 
dico-making rays, without dimini thing much the mm. 
ber of the reft, the reft mull ( by Prop, 6. Lib. a.) com- 
pound a pale yellow. But if the Liquor be fo mud 
thicker as to Hop alfo a great number of the blue-making 
rays, and 1'ome of the green-making, the reft in uft com- 
pound an orange ; and where it is fo thick as to Ity 
alfo a great number of the green-making and a conli- 
derable number of the yellow-making, the reft mult 
begin to compound a red, and this red mull grow deep 
and darker as the yellow making and orange-maklig 
rays are more and more ftopt by increaling the thick- 
nefs of the Liquor,, fo that few rays befides the red 
making can get through. ^ 
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• i • i ■ Fxoeriment lately related to me bv 
Ofth.skmdi^ .J Q t | 5e Sea, found 

Mr .Haiti, "p; , t ,° t when he was limk many 

ina dear Sun-fi'ii' 1 - ' J» Supper part of Ins 

Fathoms deep |n» ^ j, ’ dire aiy through the 

Hand in , wl “V fJ Colour, and the under part ot 
Water looked ot a refteded from the Water 

his Hand ImntnatcdbyLtgh Uedut ^ thered> 

refleas tek the viblet and blue- 
that the - 1 , fi I v nnd lets the red-making rays 

to great depths.; For 
Itoebv lire Sun’s dired Light at all great depths, by 
real’on of the predominating red-making rays 

rrA ■ and the greater the depth is, the rullei 

and intenfer mull that red? be. And at fuch depths as 
the violet-making rays icarce penetrate unto, the blue- 
rnakin a green-making and yellow-making rays being 
reflected from below more copiouily than the i eel making 

ones, mull compound a guen. ~ 

Now if there be two Liquors ot full Coloms, iup- 
poie a red and a blue, and both of them_ fo thick as 
fufficesto make their Colours Efficiently full ; though 
either Liquor be Efficiently tranfparent apart, yet 
will you not be able to fee through both together. For 
if only the red-making rays pals through one Liquor, 
and only the blue-making through the other, no rays 
can pafs through both. This Mr. Hook tried cafualiy 
with Glafs-wedges filled with red and blue Liquors, 
and was furprized at the unexpected event, the reafon 
of it being then unknown which makes me truft the 
more to his Experiment, though 1 have not tryed it 
my ielf. But he that would repeat it, muft take care 
the Liquors be of very good and full Colours. 



Now 
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Now whilft Bodies become coloured by reflects 
tranfmitting this or that fort of rays more copioufly jj ° r 
the reft, it is to be conceived that they flop and flip,.? 
themfelves the rays which they do not reflector tranf m ' lR 
For if Gold be foliated and held between your Eye an 
the Light, the Light looks blue, and therefore maflt Qw| 
lets into its Body the blue-making rays to be retleeW 
to and fro within it till they be ftoptand ftifted, wliif 
it retle£ts the yellow-making outwards, and thereby 
looks yellow. ‘And much after the fame manner tlE 
Leaf-gold is yellow by reflected, and blue bv tranf^' 
ted Light, and mafly Gold is yellow in all portions o;’ 
the Eye ; there are fome Liquors as the tincture 4 
Lignum Htyhri t icrni^ and fome lorts of Glais whicl, 
tranfmit one fort of Light mod copioufly, and retied 
another fort, and thereby look of leveral Colours, ac- 
cording to the pofltion of the Eye to the Light. Bur if 
thefe Liquors or Glaffes were fo thick and mafly that 
no Light could get through them, I queftion not but 
that they would like all other opake Bodies appear of 
one and the fame Colour in all positions of the Eye, 
though this I cannot yet affirm by experience. For al 
coloured Bodies, fo far as my Obfervation reaches, may 
be feen through if made Efficiently thin, and thereto-; 
are in fome meaiure trantparent, and differ only in de- 
grees of tranfparency from tinged tranfparent Liquor;, 
thefe Liquors, as well as thole Bodies, by a fufficitik 
thicknefs becoming opake- A tranfparent Body wnkii 
looks of any Colour by tranfmitted Light, may i» 
look of the lame Colour by reflected Light, the I|te 
of that Colour being refle&ed by the further luidace 0. 
the Body, or by the Air beyond it. And then there- 
fleCded Colour will be dimini Ihed, and perhaps ceafe, f 
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- the Bo.iv vcrV thick, and pitching tt on tlie 
making the f>° y j fl xion G f its further furface, 

baC f fi l t i iXt reflearf from the tinging particles 
to that the Light r - , p the Colour ot the re- 

m prrfom>nate. Iniuch c c ^ th Ligh t 

But wi IL it isf hat tinged Bodies and 
traninuttca. dui f nt y intromit or tranL 

Liquors reflefl ‘ome i • J ; ^ Rook. [ n this 

coloured. 

PROP. XI. P ROB. VI. 

By mixing coloured Lights to compound a Beam of I^gbp 

- [f the fame Colour ami Nature with a Beam oj the Spa s- 
dkett Light , and therein to experience the truth of the 

foregoing Trofofitions. 

Let AB Ca be reprefent a Prifm by which the Sun’s Tig 
Light let into a dark Chamber through the Hole F, may 
be refiaCted towards the Lens MN, and paint upon it 
at p q, r, s and t, the ufual Colours violet, blue, green,., 
yellow and red, and let the diverging rays by there- 
fra ft ion of this Lens converge again towards X, and 
there, by the mixture of all thole their Colours, compound, 
a white according to what was flrewn above. Then let 
another Prifm DEG deg, parallel to the former, be 
placed at X, to refraft that white Light upwards.^ to- 
wards Y. Let the refracting Angles of the Prifras,. 
and their diftanccs from the Lens be equal, fo that the 
rays which converged, from the Lens towards X, . and", 
without refraCtion, would there have crofted and diver- 
ged again, may by the refraCtion of the fecond Prifm be 

reduced- 




r h 2 ] 

reduced into Parallelifm and diverge no more. V 
then thofe rays will recompole a Beam of white h\I 
X Y. If the refracting Angle of either Prifm b e tb 
bigger, that Prifm mull be fo much the nearer to 
Lens. You will know when the Prifins and the j 
are well let together by obferving if the Beam of Light 
X Y which comes out of the iecond Prifm be perfefth 
white to the very edges of the Light, and at all dift an ! 
CCS from the Prifm continue perfectly and totally white 
like a Beam of the Sun’s Light. For till this happens 
the petition of the PrilmS and Lens to one another mu jj 
be corrected, and then if by the help of a long Beam of 
Wood, as is reprefented in the Figure, or by a Tube 
or l'ome other fuch inftrument made for that purpoit? 1 
they be madefaft in that fituation, you may try all the 
fame Experiments in this compounded Beam of Light- 
XY, which in the foregoing Experiments have been 
made in the Sun’s direCt Light. For this compounded 
Beam of Light has the fame appearance, and is endowed 
with all the lame Properties with a direCt Beam of the 
Sun’s Light, fo far as my Obfervation reaches. And in 
trying Experiments in this Beam you may by Hopping 
any of the Colours p, q, r, s and t, at the Lens, fee how 
the Colours produced in the Experiments are no other 
than thofe which the rays had at the Lens before they 
entered the competition of this Beam : And by confe- 
cpience that they a rite not from any new modifications 
of the Light by refractions and reiiexions, but from the 
various reparations and mixtures of the rays originally 
endowed with their colour-making qualities. 

So, for intlance, having with a Lens finches broad, 
and two Prifms on either Hand 6- Feet diftant from the 
Lens, made fuch a Beam of compounded Light : to 

exaimn 
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, ,\ tl /\f the Colours made by PL tins, l 

cxaniin die- realon ■ ^ of Light XY with 

^aed this h 1 , thcreby taft the ufual pril- 

“"“■^loubFQRbfupon the Paper LV placed be- 
™ al j t , j hen bv flopping any of the Colour p, q, 
lund V .{'the Lens 1 foumi that the fame Colour would 

Cifh at the Ler So if the purple P was topped at 

the Lens the purple P upon the Paper would vamfli, 
md the reft of the Colours would remain un.iln.Kt, 
ulfperhaps the blue, fofaras feme purple latent m 
it at the Lens might be Separated from it by the rol- 
lowing refractions. And l'o by intercepting tnc gKJr 
upon the Lens, the green R upon the Paper would v a- 
Jih, and fo of the reft ; which plainly (hews .that a? 

the white Beam of Light XY was compounded otie- 

ve Lights varioufly coloured at the Lens, io the Co- 
lours which afterwards emerge out of it by new refra- 
ftidns are no other than thole of which its whiteneL 
was compounded. The refraction ot the 1 nfiu H 
kh generates the Colours PQRST upon the Paper, 
not by changing the colorific qualities ot the rays, but 
by feparating the rays which had the very lame colorific 
qualities before they entered the compofition of the re- 
frafted Beam white of Light XY. Forotherwifethe rays 
which were of one Colour at the Lens might be of ano- 
ther upon the Paper, contrary to what we find. 

So again, to examin the reafon of the Colours of na- 
tural Bodies, I placed fuch Bodies in the Beam of Light 
XY, and found that they all appeared there of thofe 
their own Colours which they have in Day-light, and 
that thofe Colours depend upon the rays which had the 
fame Colours at the Lens before they entred the compo 
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^ ^ttaBeam. Thus, for inftance, Gnnaber ill Unij 



Day-light ■ and if at the Lens you intercept the J* 111 
making and blue-making rays, its rednefs will her!? 1 ' 
more lull and lively : But if you there intercept the /f 
making rays, it will not any longer appear red but it 
come yellow or green, or of fome other Colour acc 
ding to the forts of rays which you do not in tercel! 
So Gold in this Light X Y appears of the fame yelk ' 
Colour as in Day-light, but by intercepting at the Lens! 
due quantity of the yellow-making rays it will appo.. 
white like Stiver (as 1 have tryed) which lhews that its 
yellowneis arifes from the excefs of the intercepted ravs 
tinging that whitenels with their Colour when they are 
let pals. So the infufion of Lignum Nephriticum ( as j 
have alfo tryed ) when held in this Beam of Lis;ht X\ f 
looks blue by the reflected part of the Light, and yellow 
by the tranfmitted part of it, as when ’tis viewed in Day- 
light, but if you intercept the blue at the Lens the in ft. 
lion will lole its relieved blue Colour, whilft its tranl- 
mitted red remains perfect and by the lofs offome blue- 
making rays wherewith it was allayed becomes more in. 
tenfe and full. And, on the contrary, if the red and orange- 
making rays be intercepted at Lens, the infufion will 
lole its tranfmitted red, whilft its blue will remain and 
become more lull and perfect. Which lhews, that their- 
fulion does not tinge the qiys with blue and yellow, but 
only tranfmit thofe 1110ft copioully which were red- ma- 
king before, and reliefs thole molt copioully which were 
blue-making before. And after the fame manner may tlx 
rations of other Phenomena be examined, by trying 
them in this artificial Beam of Light X Y. 

THE 
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jrinftance,Cinnaber in, . 

of the feme red Colour? 
us you intercept the K J* 
iys, its rednefs willhe^ 
you there intercept the red 

T lon S er a PP ear ted, but be 
: lome other Colour, acc 0 - 

diich you do not intercept 
appears of the feme yellL 
yy intercepting attheLens! 
-making rays it will app ear | 
tryed) which fhews that its 1 
<cefs of the intercepted rays 
their Colour when they are 
■* Lignum A r efhnticum ( as [ 
i in this Beam of Light Xy 
Dart of the Light, and yellow 
, as when 7 tis viewed in Day. , 
he blue at the Lens the inlV 
due Colour, whilft its tranf- ' 
and by the lots of lome blue- 
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mtrary, if the red and orange- 
l at Lens, the infufion will 
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the 

SECOND BOOK 

o P TICKS. 

PART L 

Oifcrmuons concerning the Reflexions, Rt/raSims, and 
Colours of thin tranjfarent Bodies. 

I T has been obferved by others that tran {parent 
Subftances, as Glafs, Water, Air, tic. when made 
very thin by being blown into Bubbles, or otherwiie 
formed into Plates, do exhibit various Colours accor- 
ding to their various thinnefs, although at a greater 
thicknefs they appear very clear and colour lefs. In 
the former Book 1 forbore to treat ot thele Colours, 
becaufe they feemed of a more difficult confideration, 
and were not necelfary for eftabliffiing the Properties 
of Light there diicourfed of. But becaufe they may 
conduce to further difeoveries for completing the^ 
Theory of Light, efpecially as to the conftitution of 
the parts of natural Bodies, on which their Colours or 
Tranfparency depend ; I have here let down an ac- 
count of them. To render this Difcourfe fhort and 
diftinft, 1 have firft delcribed the principal of my 

A a ' Obfer- 






which 
as if 
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Obfervations, and then confidered and m ad P „ r 
them. 1 he Obfervations are thefe. ^ 

OBS. I. 

O ■ Compreffine two Prifms hard together that their 
bides (which by chance were a very little convex W ? 
Somewhere touch one another : 1 found the vL c • 
ich they touched to become abfohitely tratSba^lf 
f they had there been one continued piece of G laf 1 
For when the Light fell lb obliquely on the Air win 1 
in other places was between themes to be all refieded 
it feemed in that place of contact to be wholly tram' 
mitted, infomuch that when looked upon, it appeared 
like a black or dark Spot, by reafon that little or I10 
fenfible Light was reflected from thence, as from other 
places; and when looked through it teemed (as it were! 
a hole in that Air which was formed into a thin Plate 
by being compreffed between the Glafies. And through 
this hole Objects that were beyond might be feen di- 
rt in&ly, which could not at all be feen through other 
parts of the Glafies where the Air was interjacent. Al- 
though the Glafies were a little convex, yet this tranf- 
pa rent Spot was of a confiderable breadth, which breadth 
feemed principally to proceed from the yielding inwards 
of the parts of the G la lies, by reafon of their mutual 
preflu re. For by preffing them very hard together it 
would become much broader than otherwife. 
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OBS. II. 



tP(] t i ier e arofe in it many (lender Arcs ot CoIouk 
which at firft were fhaped ajmoft like the Concl ^ p 
as you fee them delineated m the hrft pg“ ie - A 
by continuing the motion of the 1 nfms, thele 
creafed and bended more and more about the Lid trans - 
parent Spot, till they were completed into Circles or 
Rings incompaffing it, and afterwards continually grew 
more and more contracted. 

Thefe Arcs at their firft appearance were ot a. violet 
and blue Colour, and between them were white Arcs 
of Circles, which prefently by continuing the motion ot 
the Prifms became a little tinged in their inward Limbs 
with red and yellow, and to their outward Limbs the 
blue was adjacent. So that the order of thele Colours 
from the central dark Spot, was at that time white, 
blue, violet ; black ; red, orange, yellow, white, blue, 
violet, he. But the yellow and red were much fainter 
than the blue and violet. 

The motion of the Prifms about their Axis being con- 
tinued, thefe Colours contracted more and more, fh rink- 
ing towards the whitenefs oil either tide of it, until they 
totally vanifhed into it. And then the Circles in thole 
parts appeared black and white, without any other Co- 
Jours intermixed. But by further moving the Prifms 
about, the Colours again emerged out of the whitenefs, 

the violet and blue as its inward Limb, and at its out- 

A ^ 



ward Limb the red and yellow. So that now their „,.j 
tiom the central Spot was white, yellow red ■ l 
violet, blue, white, yellow, red l. con^l^ i 
it was before. " 10 "hit 

O B S. III. 

When the Rings or fome parts of them appeared <»r 
black and white, they were very diftinfl and we || 't' f 
hned, and the backnefs teemed as intenfe as that ' : 
the central Spot. Alio in tlie borders of the Riji/ 
wdiere the Colours began to emerge out of the whi?'' 
nets, they were pretty diftind, which made them vf 
hble to a very great Multitude. I have fometiim 
numbred above thirty Succeffions ( reckoning even- 
black and white Ring for one Succeffion ) and feel 
more of them, which by reafon of their fmalnefs-I could 
not number. But in other Poiitions of the Prifms as 
which the Rings appeared of many Colours, I could not 
diftinguifh above eight or nine of them, and the exte- 
rior of thofe were very confuted and dilute. 

in thele two Obfervations to fee the Rings diftind 
and without any other Colour than black and white,! 
found it neceflary to hold my Eye at a good diftaircc 
from them. For by approaching nearer, although in the 
fame inclination of my Eye to the plane of the Rings, 
there emerged a blueifh Colour out of the white, 
which by dilating it felf more and more into the black 
rendred the Circles lefs diftind, and left the white a 
little tinged with red and yellow. I found alfo bj 
looking through a flit or oblong hole , which was 
narrower than the Pupil of my Eye, and held dofe to 
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, the Prifms, 1 could fee the Circles much 
a£a« and vifible to a far greater number than 

otherwife. 

O B S. IV. 

To obfkve more nicely by the order of the Colours 
which aroie out ot the whin. Cut es a 
rime lefs and lefs inclined to the plate of Air, 1 took: 
two Obiedt G la Res, the one a Plano-convex tor a four- 
teen-foot Telefcope, and the other a large double con- 
vex for one of about fifty-foot; and upon this, laying the 
other with its its plane-tide downwards, I prejled them 
flowl y together, to- make the Colours luccemvelyemeige 
in the middle of the Circles, and then flowly lifted 
the upper Gists from the lowei to make them tuccel 
lively v anil'll again in the fame place. The Colour, 
which by preffing the Glades together emerged la ft in 
the middle of the other Colours, would upon its firft 
appearance look like a Circle ot a Colour almolt uni- 
form from the circumference to the center , and by 
eomprefling the Glaftes ftill more, grow continually 
broader until a new Colour emerged in its center, and 
thereby it became a Ring encompaffing that new Co- 
lour. And by eomprefling the Glafies ftill more, the 
Diameter of this Ring would encreafe, and the breadth 
of its Orbit or Perimeter decreafe until another new 
Colour emerged in the center of the laft : And fo on 
until a third, a fourth, a fifth, and other following 
new Colours fucceflively emerged there, and became 
Rings encompaffing the innermoft Colour, the laft of 
which was the black Spot. And, on the contrary, by 

lit- fine- 
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lifting up the upper Gluts from the lower tlio ri* 
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ot the Rings would decreafe, and the breadth 
Orbit encreafe, until their Colours reached fucor® 
to the center ; and then they being of a confia , 
breadth, I could more eafily difcern and 
their Species than before. And by this means | gU f 



lerved their Succeffion and Quantity to be 
loweth. 



as % 



Next, to the pellucid central Spot made bv thp 
tail ot the Glaffes l’ucceeded blue, white, yellow C ° i 
red, the blue was io little in quantity that 1 could ^ 
dilcern it in the circles made by the Prifms, nor coj 
1 well diftinguilh any violet in it, but the yellow J 
red were pretty copious, and leemed about as muc)t 
in extent as the white, and four or five times ni(r 
than the blue. The next Circuit in order of Colour! 
immediately eneompaffing thefe were violet, blue 
green, yellow, and red, and thefe were all of them co! 
pious and vivid, excepting the green, which waswerj 
little in quantity, and leemed much more faint ani; 
dilute than the other Colours. Of the other four the 
violet was the lead in extent , and the blue iefs than 
the yellow or red. The third Circuit or Order m 
purple, blue, green, yellow, and red ; in which the 
purple leemed more reddifh than the violet in the 
former Circuit, and the green was much more conipi- 
cuous, being as brifque and copious as any of theothei 
Colours, except the yellow j but the red began to be 
a little faded, inclining very much to purple. After 
this fucceeded the fourth Circuit of green and red. The 
green was very copious and lively, inclining on the one 
tide to blue, and on the other fide to yellow'. But in 

this 
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, 'v «.kprp was neither violet, blue, nor 

this fourth f '^ ie r imperfeahnd dirty. 

5 ^?° the fucceedin 0 Colours became more and moreim- 
Alfo the , c £, D f our Revolutions 

gigss. 

Figure l where <t, k f, d,e :/, », b, i ,k: l, m, n, o, f- ?, ' ■ * 

denote the Colours reck’ned in order horn 

the center* black, blue, white, yellow, red : vKikt, 

blue, green, yellow, red: purple, blue, green, ve ou, 
red: green, red: greenifh blue, red: greentlh blue, 
pale red : greenifh blue, reddifh white. 

O B S. V. 



To determine the interval of the Glaffes, or thick- 
nefs of the interjacent Air, by which each Colour was 
produced, I meafured the Diameters of the fir# fix 
Rings at the moil lucid part of their Orbits, and iqua- 
ring them, I found their Squares to be in the Arith- 
metical Progreffion of the odd Numbers, i. 3. 5. 7. 9. 1 1 . 
And fince one of thefe Glaffes was Plain, and the other 
Spherical, their Intervals at thofe Rings muft be in the 
fame Progreffion. 1 meafured alfo the Diameters of 
the dark or faint Rings between the more lucid Co- 
lours, and found their Squares to be in the Arithme- 
tical Progreffion of the even Numbers, a. 4.. 6. 8. 10. 1 2, 
And it being very nice and difficult to take thefe mea- 
fures exactly ; I repeated them at divers times at divers 
parts of the Glaffes, that by their Agreement 1 might 
be confirmed in them. And' the fame Method 1 ufed in 

deter- 




determining feme others of the following Or, 
tions. 6 UQ « 



■ervi. 



O B S. VI. 

‘J ’hc Diameter of the fixth Ring at the mn& i . 
part of its Orbit was £ parts of an Inch, and the I? 
meterof the Sphere on which the double convex^ 
jedt-Glafs was ground was about 102 Feet anH 1 
! gathered the thicknefs of the Air or Aercal 
ol the Glades at that Ring. But fome time after f? 
pedhng that in making tin's Obfervation 1 had not 7 
termined the Diameter of the Sphere with lufficient/ 
cura tends, ^ and being uncertain whether the Ph/ 
convex Gtafs was truly plain, and not fomethins cod' 
cave or convex on that fide which I accounted plain ’ 
and whether 1 had not prefled the Glafles togefe a | 
1 often did, to make them touch (for by prdfing fmjj 
Glafles together their parts eafily yield inwards, and 
the Rings thereby become lenfibly broader than tjL 
would be, did the Glafles keep their Figures) I re- 
peated the Experiment , and found the Diameter of 
the fixth lucid Ring about £ parts of an Inch. Ire- 
pea ted the Experiment alio with fiich an ObjdbGlali 
ot another Telefcope as 1 had at hand. This was a doable 
convex ground on both lides to one and the fame 
Sphere, and its Focus was diftant from it Swindles 
And thence, it the Sines of incidence and refraction of 
the bright yellow Light be affumed in proportion as 
ii to 17, the Diameter of the Sphere to which tin 
Glafs was figured will by computation be found 183 In- 
ches. This Glafs 1 laid upon a flat one, lb that the 

black 



1 9 ] 



, i « nf .nneired in the middle of the Rings of Colours 
black Spotappeared iii ^ tlmt 0 f the weight ot 



W 



fifth 



dark Circle as accurately u jl was taken 

fifth part of an Inch P« cl ldv- • 1 ful . 

with the points of . F tndmy Fye was about eight 
lace on the upper ulai^ 3111 -Lw .-, nprnen- 

or nine Inches diftance from the Glals, all L ] P 
a cuHrlv over it, and the Glafs was* of an Inch thick, 
and thence it is eaiy to colled that the true Diameter 
of the Ring between the Glafles was greater than 1 s 
meafured Diameter above the Glafles in the proportion 
of 80 to 79 or thereabouts, and by conlequence equa 
to ^ parts of an Inch, and its true Semi-diameter equal 
to - parts. Now as the Diameter of the Sphere ( i Ha In- 
ches) is to the Semi-diameter of this fifth dark Ring 
( 4 parts of an Inch ) fo is this Semi-diameter to the 
thicknefs of the Air at this fifth dark Ring ; which is 
therefore ^ or parts of an Inch, and the fifth 
part thereof; viz. the ^f 7 th part ot an Inch, is the 
thicknefs of the Air at the firft of thefe dark Rings. 

The finite Experiment l repeated with another dou- 
ble convex Objed-g la E ground on both tides to one and 
the fame Sphere. Its Focus was diftant from it 168^ 
Inches, and therefore the Diameter of that Sphere was 
184 Inches. This Glafs being laid upon the fame 
plain Glals, the Diameter of the fifth of the dark 
Rings, when the black Spot in their center appeared 
plainly without prefling the Glafles, was by the mea~ 
lure of the Compares upon the upper Glafs ~ parts 
of an Inch, and by confequence between the Glafles it 
was For the upper Glafs was l of an Inch thick, 

B b and 
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proportional to half this from the Diameter 
Sphere is jg- parts of an Inch. This is therefnf tlle 
thicknefs of the Air at this Ring, and a fifth p L h the 
of, viz. the ~th part of an Inch is th* ,. F V the re* 



°f “Vr P aitof an Inch’ is the thickS !! lere - 
of at the firft ot the Rings as above. t leie - 

1 tr P d t . hefamethin g b y laying thefeObiea n it 

upon Hat pieces of a broken Looking-glafs 
the lame mcafures of the Rings : Which m ,t!° Ullcl 
rely upon them till they can be determined m ? me 
curately by Glaffes ground to larger Spheres, tlw 

in fuch Glaffes greater care muft betaken of a m 
plain. tlUe 



Ihefe Dimen fions were taken when my Eve w 
placed almoft perpendicularly over the Glaffes, bein' 
about an Inch , or an Inch and a quarter, diftant C 
the incident rays, and eight Inches diftant from the 
Glals; lo that the rays were inclined to the Glafsinau 
Angle of about 4 degrees. Whence by the followlns 
Oblervation you will underftand, that had the rays 
been perpendicular to the Glaffes, the thicknefs of the 
Air at thefe Rings would have been lefs in the propor- 
tion ol the Radius to the fecant of 4 degrees, that is of 
loooo. Let the thickneffes found be therefore dim! 
nifhed in this proportion, and they will become^ and 
or ( to life the neareft round number ) the^ti 
part of an Inch. This is the thicknefs of the Air at the 
darkeft part of the firft dark Ring made by perpendi- 
cular rays, and half this thicknefs multiplied by the 
progreffion, 1 ,3, 5, 7, 9, 1 1 , &V. gives the thickneffes of the 
Air at the moil luminous parts of all the brighteil 
Rings,, viz. j—, i ?e. their arithmetical 
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darkeff parts of all the dark ones. 

O B S. VII. 



thickneffes at the 



The Rinas were lead when my Eye was placed per- 
pendicularly over the Glaffes in theAxis of the Rings . 
find when 1 viewed them obliquely they became g 
g er, continually fwelling as I removed my Eye further 
from the Axis. And partly by meafiinng the Diameter 
of the fame Circle at feveral obliquities ot my Lye, 
partly by other means, as alfo by making ule ot the 
two Prifms for very great obliquities. ^ I found its Dia- 
meter, and confequently the thicknefs of the Air at its 
perimeter in all thofe obliquities to be very nearly in the 
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in the two firft Columns are exprefled the nKr . 
the mrirlpnt unrl ( ne obliquitjgj 

| w . of th 

the third Column the Diameter of 7 nT c 2 !li°y 
at thoie obliquities is ex nreflWl hi ^ 



of the incident and emergent . . , 

An, that is, their angles of incidence and refra&i^ tlle 
the third Column Hip 1 itic 



at thole obliquities is exprefled in parts of , v j?i 
conftitute that Diameter when the rays are Bei .^ h .> 
lar. And in the fourth Column the thicknels 0 fth?? 
at _the circumference of that Ring is exnreffed * 
oi which alto ten conftitute that thicknefs when rl^ 11 ' 
are perpendi cu lar. 1 ra ) s 

And from thefe meafures 1 feem to gather thic d i 
T hat the thicknels ot the Air is proportional to the f’ 
cant of an angle, whole Sine is a certain mean n ron !' 
tional between the Sines of incidence and retrafdo 
And that mean proportional, fo far as by thefe mcalur 
I can determine it, is the firft of an hundred and fo 
arithmetical mean proportionals between thole Sine! 
counted from the Sine of refraction when the reth 
dtion is made out of the Glafs into the plate of Air ‘l 
from the Sine of incidence when the refradtion i 
made out of the plate of Air into the Glafs. 

O B S. VIII. 

The dark Spot in the middle of the Rings increafed 
alfo by the obliquation of the Eye, although almoft in- 
fenfibly. But if inftead of the Objedt-Glafies the Piifos 
were made ufe of, its increafe was more iminifeft when 
viewed fo obliquely that no Colours appeared about it. 
It was lea ft when the ray s were incident moft obliquely 
on the interjacent Air, and .as the obliquity decreafei 
it increafed more and more until the coloured Rings if 

pearetf, 
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, f-t <.n dec reafed again, but not fo much as 
peared, and tli And hence it is evident, that the 

it increafed be ore- at t j ie a bfolute contatt of the 

trantaiency was > had fome little interval. 

Glaffes, but alio where y of that Spot to 

^olit^b^X^ueoIike and Xe* 

Other Darts of the Glafs ; whence it may be col letted 
that the Glaffes did then fcarcely, or not at all, touch 
one another, and that their interval at the perimeter 
of that Spot when viewed petpendiculai ly was about a 
fifth or fixth part of their interval at the circumference 

of the laid red. 

O B S. IX. 



By looking through the two contiguous Objeft- 
Glaffes, I found that the interjacent Air exhibited Rings 
of Colours, as well by tranfmitting Light as by refledt- 
1110 it. The central Spot was now white, and from it 
the order of the Colours were yellowifh red ; black ; 
violet, blue, white, yellow, red ; violet, blue, green, 
yetlow, red, &c. But thefe Colours were very faint 
and dilute unlefs when the Light was trajedted very 
obliquely through the Glaffes : For by that means they 
became pretty vivid. Only the firft yellowifh red, like 
the blue in the fourth Observation, was fo little and 
faint as fcarcely to be difeerned. Comparing the co- 
loured Rings made by reflexion , with thefe made by 

tranf- 
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tranfimtlion of the Light ; I found that white <*, 
polite to black, red to blue, yellow to violet i n ^ as # 

to a Comnnnnrl roz-l *T't_ . ■ 1 Pi-Bp. 



to a compound of red and violet. That is Vhr 
ol the Glafs were black when looked throVh° i. rts 
when looked upon appeared white, and on tU- 
trary. And lb thole which in one cafe exhibited 
did in the other cafe exhibit red. And the like f A 
other Colours. The manner you have renreiPn* ■ e 
the third Figure, where AB, CD, are 
the Glafles contiguous at E, and the black lk- 
tween them are^ their diftances in arithmetical p ro? e " 
lion, and the Colours written above are feen bv 
bedded Light, and thole below by Light tranfoitted 



O B S. X. 



etting the Objeft-Glaffes a little at their edge; 
the water crept in flowly between them, and tlieCirl 
cles thereby became lefs and the Colours more faim 
Infomuch that as the water crept along one half of 
them at which it firft arrived would appear broken off 
h-om the other half, and contracted into a lefs room. 
By meafuring them I found the proportions of their 
Diameters to the Diameters of the like Circles made bj 
Air to be about feven to eight, and confequently the in- 
tervals of the Glaffes at like Circles, caufed by thole 
two mediums Water and Air, are as about three to four. 
Perhaps it may be a general Rule, That if any other 
medium more or lefs denle than water be cornpreifed 
between the Glaffes, their intervals at the Rings caufed 
thereby will be to their intervals caufed by interjacent 

Air, 



[ ] 

Air aS the Sines axe which meafuie the refraaion made 

out of that medium into Air. 

O B S. XI. 

When the water was between the Glafles, it 1 puf- 
fed the upper Glafs varioufly at its edges to make the 
Rings move nimbly from one place to another, a little 
white Spot would immediately follow the center of 
them which upon creeping in of the ambient water 
into that place would prefen tly vanifli. Its appearance 
was fuch as interjacent Air would have caufed, and rt 
exhibited the fame Colours. But it was not Air, for 
vvhere'any bubbles of Air were in the water they would 
not vanifh. The reflexion mull have rather beeu caufed 
by a fubtiler medium, which could, recede through the 



O B S. XII. 

Thefe Obfervations were made in the open Air. But' 
further to examin the effects of coloured Light falling 
on the Glaffes, I darkened the Room, and viewed them 
by reflexion of the Colours of a Priim caft on a Sheet 
of white Paper, my Eye being fo placed that I could 
fee the coloured Paper by reflexion in the Glaffes, as 
in a Looking-glafs. And by this means the Rings be- 
came diftin&er and viiible to a far greater number than 
in the open Air. I have fometimes feen more than 
twenty of them, whereas in the open Air I could not 
difeern above eight or nine.. 
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O B S. XII I. 



Appointing an affiftant to move the Prifm t 0 
fro about its Axis, that all the Colours might fur- 
tively fall on that part of the Paper which I f aw ?’ 
reflexion from that part of the Glafles, where the Cf 
cles appeared, fo that all the Colours might be f Ucc ^ 
lively reflected from the Circles to my Eye whilft I ^ 
it immovable, 1 found the Circles which the red Lb],* 
made to be mantfeftly bigger than thole which 
made by the blue and violet. And it was very plea, 
fant to lee them gradually (well or contract according 
as the Colour of the Light was changed. The int^ 
val of the Glafles at any of the Rings when they were 
made by the utmoft red Light, was to their intervals 
the fame Ring when made bythe utmoft violet, greater 
than as 3 to 2, and lefs than as 1 3 to 8, by the molt of mj 
Obfervations it was as 14 to 9. And this proportion 
feemed very nearly the fame in all obliquities of my 
Eye ; unlefs when two Prifms were made ufe of inftead 
or the Object -Glafles. For then at a certain great 
obliquity of my Eye, the Rings made by the fevers! 
Colours feemed equal, and at a greater obliquity thole 
made by the violet would be greater than the fat 
Rings made by the red. The refraction of thePrifn 
in this cafe caufing the moft refrangible rays to fall 
more obliquely on that plate of the Air than the leaf 
refrangible ones. Thus the Experiment lucceeded in 
• the coloured Light, which was iufficiently ftrong d 
copious to make the Rings fenfible. And thence it 

that if the moft refrangible and Lit 

refran- 



may be gathered, 



refrangible rays had been rays, the 
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little greater, fuppofe ' + j + . 

O B S. XIV. 

Whilft thePrifm Colour fall 
uniform motion, to makt all h thereby to 

"gfftsSAtfSS? ft. 

make the l\ g made bv the variation of 

sssnr&8s "i /.a ** i n *. 

violet and in the intermediate Colours it had inter 
mediate degrees of celerity. Comparing the quanti y 
of contraction and dilation made by all the degrees ; ol 
each Colour, I found that it was greateft in the red 
lefs in the yellow, iVill lefs in the blue, and leaft in the 
violet. And to make as juft an eftimataon as I could of the 
proportions of their contractions or dilations, I obferveu 
that the whole contraction or dilation ol the Diameter 
of any Ring made by all the degrees of red, was to that 
of the Diameter of the lame Ring made by all the de- 
(Trees of violet, as about four to three, or tive to four, and 
that when the Light was of the middle Colour between 
yellow and green, the Diameter of the Ring was very 
nearly ail arithmetical mean between the greateft Dia- 
meter of the fame Ring made by the outmoft red, and 
the leaft Diameter thereof made by the outmoft violet : 
Contrary to what happens in the Colours of the oblong 
Sped ruin made by the refraction of a Priijn, where the 
red is moft contracted , the violet moft expanded, and 

Dd in 
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in the mid ft of all the Colours is the confine of a 
and blue. And hence 1 feern to collect that the tlM? 
neftes of the Air between the Glaffes there, where th 
Ring is fucceffively made by the limits of the five p -' e 
cipal Colours (red, yellow, green, blue, violet) j n J? 

( that is, by the extreme red, by the limit of red u 
yellow in the middle of the orange, by the limit ■ 
yellow and green, by the limit of green and blue b- 
the limit of blue and violet in the middle of the jj 
digo, and by the extreme violet ) are to one anotj 
very nearly as the fix lengths of a Chord which found 
the notes in a fixth Major, fol y la , mt r fa , [ U , U, ^ 
it agrees fometh in g better with the Oblervation to fn- 
tliat the thicknefTes of the Air between the Gh-fles there 
where the Rings are fucceffively made by the limits of 
the feven Colours, red, orange, yellow, green, blue in. 
digo, violet in order, are to one another as the Cube, 
roots of the Squares of the eight lengths of a Chord 
which found the notes in an eighth , /&/, la y fa y fd !, ^ 
m h fay fa > t ^ iat as t ^ ie Cube-roots of the Squares 
of the Numbers, i , f, f, l *, f, k 

obs, xv. 

Thefe Rings were not of various Colours like thofc 
made in the open Air, but appeared all over of that 
prifmatique Colour only with which they were illu- 
minated. And by projecting the prifmatique Colours 
immediately upon the Glaffes, I found that the Light 
which fell on the dark Spaces which were between 
the coloured Rings , was transmitted through the 
GlafTes without any variation of Colour. For on a 
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1 ■»„ Pacer placed behind, it would paint Rings ot 
f Le cklouh with thofe which were refiedled and 
thefameUoiom wi immediate Spaces. And from 

thence thForigm of thefe Rings is manifeft; namely, 

Thnt the Air between the Glaffes, according to its va- 
gf&tt » difpofed in fome placate ^ 

-ind in others to tranlmit the Light of any 01 
lour (as you may fee rep refen ted in the fourt 1 ig 1) tg, 4. 
and in the lame place to refledf that ot one Colour 
where it tranfinits that of anothei. 



O B S. XVI. 



The Squares of the Diameters of thefe Rings made 
by any prifmatique Colour were in arithmetical pro- 
greffion as in the fifth Obfervation. And the Diameter 
of the fixth Circle, when made by the citrine yellow, 
and viewed almoft perpendicularly, was about parts 
of an Inch, or a little lefs, agreeable to the fixth Gb- 
ier ration. 

The precedent Obfer rations were made with a rarer 
thin medium, terminated by a denfer, fuch as was Air 
or Water compreffed between two GlafTes. In thole 
that follow are fet down the appearances of a denfer 
medium thin’d within a rarer, luch as are plates of 
Mufcovy-glafs^ Bubbles of Water, and fome other thin 
lnbftances terminated on all lides with Air. 



CBS. 
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If a Bubble be blown with Water firll made • 
by diflolving a little Soap in it, ’tis a common Obb 
%ari0I1 i that alter a while it will appear tinker! 
great variety of Colours. To defend tTefc 1 
from being agitated by the external Air (whereby t? 
Colours are irregularly moved one among another r 
that no accurate Obfervation can be made of them i ° 
foon as I had blown any of them 1 covered it wife! 
clear Glafs, and by that means its Colours emerged i! 
a very regular order, like fo many concentrick Rij^ 
incompa fling the top of the Bubble. And as the 
Bubble grew thinner by the continual fubfiding of the 
Water, thefe Rings dilated llowly and overTpread the 
whole Bubble, defending in order to the bottom of if 
where they vanilhed fucceflively. In the mean wliife 
alter all the Colours were emerged at the top, there 
grew in the Center of the Rings a fmall round black 
Spot, like that in the firft Obfervation, which conti- 
nually dilated it felf till it became fometimes more than 
] or \ of an Inch in breadth before the Bubble broke 
At firft I thought there had been no Light reflefted from 
the Water in that place, but obferving it more cu- 
rioufly, I faw within it feveral final ler round Spot?, 
which appeared much blacker and darker than the rel, 
whereby 1 knew that there was fome reflexion at the 
other places which were not fo dark as thofe Spot?, 
And by further tryal 1 fouud that I could fee the Image 
of fame things ( as of a Candle or the Sun ) very faint- 
ly reflected, not only from the great black Spot, but 

alb 
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often appear fnjall Spots ® ^ ofthe Bubble, byreafon 

feending up and down the fades ^ Water . 

of lome inequalities . „f ate a at the (ides 

»p .i 

the Bubble, and unite with *t. 

O B S. XVIIL 

Becaufe the Colours of thefe Bubbles were more ex- 
Jded and lively than thofe of the Air thm’d between: 
two Glaffes, and fo more ealy to to diftmgudhcd, . 
fhall here give you a further delcnption ot their oidei, 
as they were obferved in viewing them by reflexion ot 
the Skies when of a white Colour, whilft a . b Jack Sub- 
fence was placed behind the Bubble. And they were 
thefe, red, blue; red, blue; red, blue; red, green; 
red, yellow, green, blue, purple ; red, yellow, green, 
blue, violet ; red, yellow, white, blue, black. 

The three firft Succeffions of red and blue were very- 
dilute and dirty, efpecially the firft, where the red* 
feemed in a manner to be white. Among thefe there 
was lcarce any other Colour fenfible behdes red and. 
blue, only the blues ( and principally the fecond blue ) 
inclined a little to green: 

The fourth red was alfo dilute and dirty, but not 
fo much as the former three ; after that fucceeded little. 
or no yellow, but a copious green, which at firft incli- 
ned a little to yellow, and then became a pretty brifque 

and 
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and good willow' green, and afterwards chanmj , 
D;min Colour; but there fucceeded neither ki n , 0 1 
violet. D1Uc <* 



The fifth red at firft inclined very much to n u . 
and afterwards became more bright and brifq u l f ? e i 
not very pure. This was fucceeded with ar 
bright and intenle yellow , which was but little^ 
quantity, and loon changed to green : Hut that m- ^ 
was copious and ibmething more pure, deep and liveh 
than the former green. After that followed an excel’ 
lent blue of a bright sky-colour, and then a p urD i~ 
which was lefs in quantity than the blue, and irLi 1 
inclined to red. m 



1 'he fixth Red was at firft of a very fair and Hvdv 
Scarlet, and foon after of a brighter Colour, b«i 
very pure and brtfque , and the beft of all the 
reds. Then after a lively orange followed an intenle 
bright and copious yellow, which was alfo the beft 
of all the yellows, and this changed fil'd to a gieeniHi 
yellow, and then to a greenifh blue * but the green 
between the yellow and the blue, was very little and 
dilute, teeming rather a greenith white than a green, 
The blue which fucceeded became very good, and of a 
very fair bright sky-colour, but yet fomething inferior 
to the former blue ; and the violet was intenle and 
deep with little or no rednefsin it. And lefs in quan- 
tity than the blue. 

In the laft red appeared a tin dure of fcarlet next 
to violet, which foon changed to a brighter Colour, 
inclining to an orange ; and the yellow which followed 
was at firft pretty good and lively , but afterwards it 

grew more dilute, until by degrees it ended in perW 

whito 




. • r And this whitenefs, if the Water was very 
whitenefs- And , y (] 0 wly lpread and 

tenacious and wel'-temp^ ofthc bubble; con- 
nate !t ielf over the gieatcr p at length it 

tin *r!&^cet a «Tthofe cracks, as they 

g d r K-a ssffi % "Hi 

ColouTAm! C thb Coloui^after the'aforeikid mapuer, 
dilated it felf downwards, until iometimes it hath 
ovei-fpread the whole Bubble. In the mean while at 
the top which was of a darker blue than the bottom, 
, n d appeared aifo full of many round blue Spots, iome- 
thing darker than the reft, there would emerge one 
or more very black Spots, and within thole other Spots 
of an intenter blacknefs, which I mentioned in the 
former Obfervation ; and thefe continually dilated 
themfelves until the Bubble broke. _ 

If the Water was not very tenacious the black Spots 
would break forth in the white, without any feniible 
intervention of the blue. And fometimes they would 
break forth within the precedent yellow , or red, or 
perhaps within the blue of the fecond order, before 
the intermediate Colours had time to difplav them- 



By this description you may perceive how great an 
affinity thefe Colours have with thofe of A ir descri- 
bed in the fourth Obfervation, although fet down in 
a contrary order, by reafon that they begin to appear 
when the Bubble is thickeft , and are moft conve- 
niently 
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mently reckoned from the loweft and thicker m 
the Bubble upwards. 

O B S. XIX. 

Viewing in feveral oblique pofitions of m v t 
the Rings of Colours emerging on the top of the BiM 

1 found that they were fenfibly dilated by i ncrea ^ e ’ 
the obliquity, but yet not fo much by tar as thy 
made by thin’d Air in the leventh O bier ration, ^ 
there they were dilated lb much as, when viewed 
moft obliquely, to arrive at a part of the plate mo f , 
than twelve times thicker than that where they J 
peared when view r ed perpendicularly ; whereas in tl 
cafe the thicknefs of the Water, at which they arrive! 
when viewed moft obliquely, was to that thicknefs 
which exhibited them by perpendicular rays, fome. 
thing lefs than as 8 to 5 . By the beft of my OblervatioK 
it was between 15 and 15; to io, an increafe about 

2 4 times left than in the other cafe. 

Sometimes the Bubble would become of an uniform 
thicknefs all over, except at the top of it near the Sad 
Spot, as 1 knew, becaule it would exhibit the law 
appearance of Colours in all pofitions of the Eye. M 
then the Colours which were feen at its apparent cir- 
cumference by the obli quell rays, would be differed 
from thofe that were feen in other places, by rays Id 
oblique to it. And divers Spectators might fee the 
fame part of it of differing Colours, by viewing it a: 
very differing obliquities. Now observing how mudi 
the Colours at the lame places of the Bubble, or at di- 
vers places of equal thickneis, were varied by the 



, 1‘ the ravs • by the affiftance of the 

feveral obliqui ^ ^ obfervations, as they are 

4th, H fi b 1 6th Tco t le( a the thicknefs of the Water 
liert 1 fffexh bft\ n o fand the fame Colour, at fe- 

requyitc to exhibit any on ^ ^ tlon 
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In the two firft Columns are expreffed the obliqui- 
ties of the rays to the fuperficies of the Water, that 
is, their Angles of incidence and refraction. Where 
1 luppofe that the Sines which meafure them are in 
round numbers as 3 to 4, though probably the diffo- 
lution of Soap in the Water , may a little alter its 
refractive Vertue. In the third Column the thicknefs 
of the Bubble, at which any one Colour is exhibited 
in thofe feveral obliquities, is expreft in parts, of which 
ten conftitute that thicknefs when the rays are perpen- 
dicular. 

1 have fometimes obferved, that the Colours which 
arife on polilhed Steel by heating it, or on Bell-metal, 
and fome other metalline fubftances, when melted and 

k e poured 
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poured on the ground , where they may cool i„ . 
open Air, have, like the Colours of Water 
been a little changed by viewing them at diver. l> 
liquities, and particularly that a deep blue 0 rn 
when viewed very obliquely, hath been chanffpHf 1 
deep red. But the changes of theie Colours are n 
great and fenfible as of thofe made by Water p - lo 
Scoria or vitrified part of the Metal, winch moft to 
tals when heated or melted do continually n rof .:f 
and lend out to their fur face, and which by C0Ve ■ ’ 
the Metals in form of a thin giafly skin, caul'es thl 
Colours, is much denfer than Water ; and I find t|p 
the change made by the obliquatiou of the Eye is w 
in Colours of the denied thin fubftances. 



OBS. XX. 

As in the ninth Obfervation, fo here, the Bubble, b 
tranfinitted Light, appeared of a contrary Colour ti 
that which it exhibited by reflexion. Thus when \k 
Bubble being looked on by the Light of the Clouds re- 
flected from it, feemed red at its apparent circumfe- 
rence, if the Clouds at the fame time, or immediately 
after, were viewed through it, the Colour at its cir- 
cumference would be blue. And, on the contrary, 
when by reflet! ed Light it appeared blue, it would ap- 
pear red by tranfmitted Light. 



OBS. XXL 

By wetting very thin plates of Mufcovy-glafs, whole 
thinnefs made the like Colours appear, the Colours 

became 
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* and languid : efpecially by wetting 
became " f . po | te to the Eye : But I could 

t X S of their fpecies. So then 

£ Sftcknefe of a 

‘otonSoftheambient medium^ And hence, by the 
10th an<Ti 6th Obfei vati 0 ns, may be known theduck- 

nefs which Bubbles of Water, or Plates ofMuftoy- 

glafs, or other fubftances, have at any Colour pio 
duccd by them. 

OBS. XXII. 



A thin tranfparent Body, which is denfer than its 
ambient medium, exhibits more brifque and vivid Co- 
lours than that which is fo much rarer ; as i have 
particularly obierved in the Air and Glaft* Foi blow- 
ing Glafs very thin at a Lamp-furnace, thofe plates 
incompafled with Air did exhibit Colouis much 
more Vivid than thofe of Air made thin between two 
G la fifes. 

OBS. XXIII. 



Comparing the quantity of Light reflected from the 
feveral Rings, 1 found that it was moft copious from 
the firft or inmoft, and in the exterior Rings be- 
came gradually lefs and lefs. Alfo the whitenefs of 
the firfl Ring was ftronger than that reflected from 
thofe parts of the thinner medium which were with- 
out the Rings ; as I could manifeft ly perceive by view- 
ing at a diitance the Rings made by the two Obje&j 
* - E e 3 Glaffes, 
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( .lalies; or by comparing two Bubbles of Water ki 
at diftant times, in the firft of which the wh; f 0 ’ t " 
appeared, which lucceeded all the Colours , 
the other, the whitenefs which preceded themfall * 

OBS. XXIV. 

When the two Objea-Glafles were layM upon 
another, fo as to make the Rings of the Colours ^ 
pear, though with my naked Eye 1 could not dif/t 
above 8 or 9 of thofe Rings, yet by vie win 0 the' 
through a Prifm I have feen a far greater multitude 
infomuch that 1 could number more than forty, bcfidJ 
many others, that were fo very iinall and clofe to®! 
ther, that I could not keep my Eye fteddy on there" 
feverallylo as to number them, but by their extent I have 
fometimes eftimated them to be more than a hundred, 
And I believe the Experiment may be improved to the 
difcovery of far greater numbers. For they feem to 
be really unlimited, though vifible only fo far as the? 
can be leparated by the refraction, as 1 fhall hereafter 
explain. 

But it was but one fide of thefe Rings, namely, that 
towards which the refraction was made, which by tk 
refraCtion was rendered diftinCt, and the other fide bt- 
came more confufed than when viewed by the naked 
Eye, infomuch that there I could not difcern above 
one or two, and fometimes none of thofe Rings, of 
which I could difcern eight or nine with my naked 
Eye. And their Segments or Arcs , which on the 
other fide appeared fo numerous, for the moft p 
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exceeded not the third 

middle part ofthVe Arcs be- 
the Obje#-Glafies, difaopear and conftitute an 

S wTole Arcs furtheft from the center, became ^ 
ftinCter than before, appearing in the o.m y 
fhpm defined in tlie filth Figuie. , 

The Arcs, where they feemed diftinCteft, were o n y 
white and black fucceffively, without any other Co- 
lours intermixed. But in other' places there appeared 
Colours, whole order was inverted by the 1 eh action 
in fuch manner, that if I firft held the Pnfin very near 
the ObjeCt-GlafTes , and then gradually removed it 
further off towards my Eye, the Colours of the ad, 
2d 4-th,’ and lollowing Rings lhrunk towards the white 
that emerged between them , until they wholly va- 
nifhed into it at the middle of the Arcs, and after- 
wards emerged again in a contrary order. But at 



changed. 

I have fometimes fo lay’d one Objeft-GIafs upon 
the other, that to the naked Eye they have all over 
feemed uniformly white, without the lea ft appearance 
of any of the coloured Rings ; and yet by viewing 
them through a Prifm, great multitudes of thofe Rings 
have difeovered themfelves. And in like manner plates 
of Mufcovy-glafs , and Bubbles of Glafs blown at a 
Lamp-furnace, which were not fo thin as to exhibit 
any Colours to the naked Eye, have through the Prifm 
exhibited a great variety of them ranged irregu- 
larly up and down in the form of waves. And fo 

Bubbles 
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Remarks ufon the foregoing Obfervations 

T TAving given my Obfervations of thefe Colours, 
H before I make ufe of them to unfold the Caules 
of the Colours of natural Bodies, it is convenient that 
by the fimpleft of them, fuch as are the ad, 3d, 4th, 
gth, 12th, 18th, 20th, and 24th , I hrft explain the 
more expounded. And fir ft to fhew how the Colours 
in the fourth and eighteenth Obfervations are produ- 
ced, let there be taken in any right line from the point 
Y, the lengths YA, YB, Y C, YD, YE, YF, YG, Fig 
Y H, in proportion to one another, as the Cube-roots 
of the Squares of the numbers, 7, J,* J, I, where- 

by the lengths of a raufical Chord to found all the Notes 
in an Eighth are repreiented ; that is, in the proper-* 
tion of the numbers 6300, 6814, 7114, 7631, 8255, 
^ 5 , 5 ) 9 2 43 > 10000, And at the points A, B, C, 

e,f„ 






E,F C H, let perpendiculars A«, B 
by whole intervals the extent of the feveral 0 i > 
fet underneath again ft them, is to be reprefented 7? 
divide the line A * in fuch proportion as the nuiit 

*7 5 > It 9 t IC S 1 l t & c ‘ fet at the points of f r fl 

lion denote. And through thofe divifions f rn , 
draw lines i I, a K, 3 L, 5 M, 6 N, 7 0 ,l? f m * 

Now if A o be luppofed to feprefent the ‘thicknet 
of any thin tranf parent Body , at which the ouJI 
violet is moft copioufly reflected in the firft 0 
Series of Colours, then by the 1 5th Observation H ? 
will reprefent its thicknefs, at which the utmoftni 
is moft copioufly reflected in the fame Series. All 
by the 5th and 1 6th Obfervations, A 6 and H N will 
denote the thicknefTes at which thofe extreme Colours 
are moft copioufly reflefted in the fecond Series and 
A 1 o and H Q the thickneffes , at which they are 
moft copioufly reflected in the third Series, and f 0 on. 
And the thicknefs at which any of the intermediate 
Colours are reflected moft copioufly, will, according to 
the i^th Obiervation, be defined by the d ilk nee of the 
line A H from the intermediate parts of the lines 2 K 
fN, 10Q, }$c. againft which the names of thofe Co- 
lours are written below. 

But further, to define the latitude of thefe Colours in 
each Ring or Series, let A 1 defign the leaft thicknefs, 
and A 3 the greateft thicknefs, at which the extreme 
violet in the firft Series is reflected, and let HI, and 
H L, defign the like limits for the extreme red, ad 
let the intermediate Colours be limited by the inter- 
mediate parts of the lines 1 I, and 3 L, againft which 

the names of thofe Colours are written, and fo on : Sat 

yet 



ifrongeft at .the » n “rme i^e Pj ua l)y towar ds thete h- 
3 nd from thence ^ on ither fide; where 

nuts, » ? b, 5 iV t 7 ; ^ nrecilely lunited, 

you muft no r ^^ e L And whereas I haveaffigned 
but to decay indeh > • . ^ ^ - t becaule al- 

the fame latitude to eve y |^ e |’ ieem ’ t0 be a little 

l'3er tfai^l ereft! n by reafon of a ftronger reflexion 
S yeuhat incqilitf is fo infenfiblc as fearcely to 

he determined by Obiervation. 

Now according to this deferiptron, conceiving that 
the rays originally of feveral Colours are by turns te- 
fleaed at tie Spaces .1 L ? , «M O 7, 
andtranl'mitted at the Spaces A H 1 1 , 3 L M 5, 7 A 
}$c. it is eafy to know what Colour muft in the open An 
be exhibited at any thicknefs of a tranl parent thin body. 
For if a Ruler be applied parallel to A H, at that di- 
ftance from it by which the thicknefs of the body is 
reprefented, the alternate Spaces i I L 3, 5 MO 7 , 45 V- 
which it croffeth will denote the reflected original Co* 
fours of which the Colour exhibited in the open Air 
is compounded. Thus if the conftitution of the green 
in the third Series of Colours be defired, apply the 
Ruler as you feeat * <? * and by its pafling through 
fome of the blue at * and yellow at 0 ’, as well as through 
the green at you may conclude that the green exhi- 
bited at that thicknefs of the body is principally con- 
ftitutedof original green, but not without a mixture 
of fome blue and yellow. 



Ff 
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By this means you may know how the Colours f 
the center of the Rings outward ought to fucce ? 
order as they were defcribed in the 4th and iSthnf 
fervations. For if you move the Ruler gradually f 
A H through all diftances, having paft over the r 
fpace which denotes little or no reflexion to be ^ 



by thinncft fiibftances, it will firft' arrive at 1 the vi 1 
and then very quickly at the blue and green 
together with that violet compound blue, and 1 then 
the yellow and red, by whofe further addition tj,! 
blue is converted into whitenefs, which whitenefs C o! 
tinucs during the tranfit of the edge of the Ruler 
I to 3, and after that by the fucceffive deficiency j 
its component Colours, turns firft to compound yeU^ 
and then to red, and laft of all the red ceafcth at i' 
Tlien begin the Colours of the fecond Series, which 
lucceed in order during the tran fit of the edge of 
Ruler from 5 to O, and are more lively than before 
becaufe more expanded and fevered. And for the 
fame reafon, inftead of the former white there inter, 
cedes between the blue and yellow a mixture of orange, 
yellow, green, blue and indico, all which together ought 
to exhibit a dilute and imperfect green. So the Co- 
fours of the third Series all lucceed in order ; firft, tk 
violet, which a little interferes with the red of the fe- 
cond order, and is thereby inclined to a reddifh purple; 
then the blue and green., which are lets mixed witi 
other Colours, and<onfequently more lively than be- 
fore, efpecially the green : Then follows the yellow, 
fomeof which towards the green is diftinft and good, bat 
that part of it towards the luceeeding red, as alfo that 

.ted is mixed with the violet and blue of the fourth Se< 

ries, 






ries, whereby various tundtri^ n.irWokt^nVbK 

And this at firft 

hidden in it, there lu & f becomes a good 

is much inclined to blue, but in this 

green the only unmix d and w l wa ^ ^ ,, it 

a ssu.-* 

IS ftfelA After this the leveral Series interfere more 
and more, and their Colours become more and moie 
intermixed, till after three or four more revolutions 
(in which the red and blue predominate by tuins) 

all forts of Colours are in all places pretty equally ben- 
ded, and compound an even whitenefs. • 

And fince by the 1 5th Obfervation the rays indued 
with one Colour are tranfmitted, where thole- of smo- 
ther Colour are relieved, the reafon of the Colours 
made by the tranfmitted Light in the 9th and 20th Ob- 
fervations is from hence evident. _ ■ • : - 

If not only the order and fpecies of thefe Colours, 
but alio the precife thicknefs of the plate, or thin body 
at which they are exhibited, be detired in parts of an 
Inch, that may be alfo obtained by afftftance of the 6th 
or 1 6th Oblervations. For according to thofe Obfer ra- 
tions the thicknefs of the thinned Air, which between 
two Grilles exhibited the moft luminous parts of the 

firft fix Rings weie 17600a? i7docc, ttSco:? 17SS0S7 17^000 parts of 
an Inch. Suppofe the Light reflected moft copioufly 
at thefe thickneffes be the bright citrine yellow, or con* 

F f a fine 
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fineot yellow and orange, and thefe thickn^ir 
beG M , Gv, G?, Go, Gn % And this being known* 
eafy to determine what thicknefs of Air is reD V* is 
by g h or by any other diftance of the 
A H. cr ‘ron 



But further, fincebythe i oth Obfervation then,- 1 
nefs of Air was to the thicknefs of Water whi u ' 
tween the lame Glafies exhibited the fame* Colon ^ 
4 to 3, and by the aith Obfervation the Colour— 
thin bodies are not varied by varying the ambient** 
dittm • the thicknefs of a Bubble of Water, exhibit 
any Colour, will be | of the thicknefs of Air produc? 
the lame Colour. And fo according to the lame ioJ 
and a i th Obfervations the thicknefs of a plate cf 
Glals, whole refraction of the mean refrangible rav 
meafured by the proportion of the Sines 31 
inay be ~ or the thicknefs of Air producing the 
Colours • and the like of other mediums. 1 do'not 
affirm, that this proportion of 20 to 31, holds in ill 
the rays ; for the Sines of other forts of rays have other 
proportions. But the differences of thole proportions 
are fo little that i do not here confider them. On 
thefe Grounds 1 have coinpofed the following Table, 
wherein the thicknefs of Air, Water, and Glafs, at 
which each Colour is mo ft intenfe and fpecifick, is ex- 
preffed in parts of an Inch divided into Ten hundred 
thouland equal parts. 






The tbicbtefs of coloured Plates and P articles of 



Their Colours of the 
firft Order, 



tf'Very Black 
'Black 

Beginning or 
Black 
Blue 
White 
Yellow 
Orange 
•Red 

r Violet 
Indico 
Blue 



Of the fecond Order, ^ ydlow 



Of the third Order, 



Of the fourth Order, 

Of the. fifth Order, 
Of the fixth Order, 



Orange 
Bright Red- 
.Scarlet 

'Purple 
Indico 
Blue 
^ Green 
Yellow 
Red 

Jlluifh Red 

Bluilh Green 
Green 

(Yellowifh Green 
Red 

S-Greenifli Blue 

W d 

Greenifh Blue 
Red 



Of the feventh Order, 5 ^ reeniffi Blue 
’ ;Ruddy White 
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IN6W it this Table be compared with the 6th S u 
you will there, fee the conftitution of each Col Cle,1,e > 
to its Ingredients, or the original Colours 0 f w r\! s 

IS C'nmf'innnrlprl * rrrrrl tUe>nr& ^ 



is compounded, -and thence be enabled to judge f* 
intenfenels or imperfection ; which may fufficf ° 11 



its 

plication of the '4th and 18th Obfervations^u^r 
be further d Hired to delineate the manner how the r 
lours appear, when the two Objeft-GlafTes are pj 
upon one; another. To do which, let there beT 
fcribed a large Arc of a Circle, and a ftrcighU: 
which may touch that Arc, and parallel to that T ^ 
gent feveral occult Lines, at filch di dances from p' 
the numbers let againft the leveral Colours in the Til- 
denote. For the Arc, and its Tangent, will repreie i 
the fuperficies of the GlafTes terminating the interjacent 
Air; and the places where the occult Lines cut the 
Arc will fhow at what diilances from the Center or 
Point of contact, each Colour is reflected. 

There are alfo other ufes of tjiis Table : For by fo 
affiliance the thicknefs of the Bubble in the i^tli Ob- 
fervation was determined by the Colours which -it ex- 
hibited. And fo the bigncH-s pf the parts 01 natural 
Bodies may be conjectured by their Colours, as (hall k 
hereafter "fhewn. Alio, if two or more very thin plats 
be lay’d one upon another, fo as to compofe one plat; 
equalling them all in thicknefs, the reiultiiig Colour 
may be hereby determined. For in fiance, Mr. Bdk 
his Mi [crografbia obferves, that a faint yellow plate oi 
Mufcovy-glafs lay’d upon, a blue one, conflitutedaverr 
deep purple. T he yellow of the firft Order is a fain* 
one, and the thicknefs of the plate exhibiting it, ac- 
cording to the Table is 4f, to which add 9, the thick- 
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purple of the thir ^ i _ ‘ , ^ t | ie Circumftanees of 

To explain, m ^ P that is, how the Rings ot 
the ad and ^dObfer^at o > about their 

the Colours may (by turning tne expre ffed in 

common Axis the contrary ojhat ^ 

Rm^nfXTlds inro R.ng, of Colours again dre 
Kings, anaai matt inverted order it 

m° u fe:SStl!rtife Rings of Colours are dr 
lated by the obliquation of the lays to the An w 
intercedes the Glaffes, and that according to the Table 
in the 7th Obfervation, their dilatation or mcreate ot 
their Diameter is inoft manifeft and lpeedy when they 
are obliqueli Now the rays of yellow being more re- 
framed by the fir it fuperficies of the la id Air than thole 
of red, are thereby made more oblique to the lecond lu> 
perficies, at which they are refiefted to produce the co^ 
loured Rings, and confequently the yellow Circle in each 
Ring will be more dilated than the red ; and the excels of 
its dilatation will be fo much the greater, by how much 
the greater is the obliquity of the rays, until at laid it be- 
come of equal extent with the red of the fame Ring. Ant! 
for the fame reafon the green, blue and violet, will be alfo 
fo much dilated by the ftill greater obliquity of their 
rays, as to become all very nearly of equal extent with 
the red, that is, equally diftant from the center of the 
Rings. And then all the Colours of the fame Ring 
mull be coincident, and by their mixture exhibit a 
white Ring. And thefe white Rings muft have black 
and dark Rings between them , becaufe they do not 

fnrpn r$ 







U°3 

spread and interfere with one another as before 
for that reafon alfo they muft become dtftin&er \ ^ 
iibte to far greater Numbers, But yet the violeH* 
obiiqueft will be fomething more dilated in propo? 8 
to its extent then the other Colours, and fo very ^ 
appear at the exterior verges of the white. ^ a ^ tt& 

Afterwards, by a greater obliquity of the rays l 
violet and blue become more feniibly dilated than Sf 
red and yellow, and fo being further removed from 1 1 
center of the Rings, the Colours muft emerge out of tb 
white in an order contrary to that which they had 1* 
fore, the violet and blue at the exterior limbs of each 
Ring, and the red and yellow at the interior. Andthevio 
let, by reafon of the greateft obliquity of its rays bei® 
in proportion moft of all expanded, will fooneft appeal 
at the exterior limb of each white Ring, and become 
more confpicuous than the reft. And the ieveral Series 
of Colours belonging to the Ieveral Rings, will, by 
their unfolding and fpreading, begin again to interfere 
and thereby render the Rings lefs diftinbt, and not vifi. 
ble to fo great numbers. 

If inftead of the Prifins the Objedt-glailes be made 
ufe of, the Rings which they exhibit become not white 
and diftinft by the obliquity of the Eye, by reafon that 
the rays in their paffage through that Air which inter- 
cedes the GlafTes are very nearly parallel to thofe Lines 
in which they were firft incident on the Glades, and con- 
iequently the rays indued with ieveral Colours are not 
inclined one more than another to that Air, as it hap- 
pens in the Prifms. 

There is yet another eircumftance of thefe Experiment 

to be conlidered, and that is why the black and white 

’ Rings 
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Rings which when "ifflffafedby ' w 

r ruf^o ykira ttrColou, ft both the 

edges of every white Ring. And the rea fon 
eag utiitrh enter the Eye at feveral parts of the Eupil, 
hive feveral obliquities to the Glafles, and thole w. uc i 
are molt oblique, if confidered apart, would lepie ui 

the Rings bigger than thofe which are the lead oblique. 
Whence the breadth of the perimeter of every white 
Ring is expanded outwards by the obiiqueft ray*, 
and Inwards by the leaft oblique. And this expanfion 
is fo much the greater by how much the greater is the 
difference of the obliquity ; that is, by how much the 
Pupil is wider, or the Eye nearer to the Glafles. And 
the breadth of the violet muft be moft expanded, be- 
caufe the rays apt to excite a fenfation of that Colour 
are moft oblique to a fecond, or further fuperficies of 
the thin’d Air at which they are reflected, and have 
alfo the greateft variation of obliquity , which makes 
that Colour fooneft emerge out of the edges of the 
white. And as the breadth of every Ring is thus aug- 
mented, the dark intervals muft be diminiflied, until 
the neighbouring Rings become continuous, and are 
blended, the exterior firft, and then thofe nearer the 
Center, fo that they can no longer be diftinguifli’d 
apart, but teem to conftitute an even and uniform 
whitends. 

Among all the Obfervations there is none accompa- 
nied with fo odd circumftances as the 24th. Of thofe 
the principal are, that in thin plates, which to the 
naked Eye feem of an even and uniform tranfparent 

G g white- 
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whitenefs, without any terminations of fM 
refraction ot a Prifm fhould make Rings of fv? WS ’ ^ 
pear, whereas it ufually makes Objefts appear?#^ 
only there where they are terminated with lhaH ^ 
have parts unequally luminous j and that it iWn VS,0r 
thofe Rings exceedingly diftindt and white, afe 
it ufually renders Objects confufed and coloured # 
cauie ot theie things you will underhand bv confix ■ 
that all the Rings of Colours are really in thp 
when viewed with the naked Eye, although b v 3 
of the great breadth of their circumferences k/? 
much interfere and are blended together, that thevf 
to conftitute an even whitenefs. But when the # 

P afs tl , 11 / 2 u § h the Pril ' m to the Eye, the orbits of 2 

leveral Colours in every Ring are refradtcd, fbasnim 
than others, according to their degrees of refrangibilin- 
by which means the Colours on one fide of the ki 
y hat is on one fide of' its Center) become more unfolded 
and dilated, and thofe on the other fide more comnli- 
cated and eoutra&ed. And where by a due refradb 
they are fo much contraded, that the fevral Rings k- 
come narrower than to interfere with one another, they 
mult appear diftindt, and alfo white, if the conftihiei! 
Colours be fo much contracted as to be wholly coincident. 
But, on the other fide, where the orbit of every Ring 
is made broader by the further unfolding of its Co- 
lours, it mu ft interfere more with other Rings than 
before, and fo become lefs diftindt. 

To explain this a little further, fuppofe the conceit- 
fig, y. trick Circles A V, and BX, reprefent the red and violet 
of any order, which, together with the intermediate 

Colours, 
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iftitute any one of thefe Rings. Now thefe 
Colours, con ft . • Prifm, the violet Circle B X, 
being viewed duoU |M • b ’ f ur ther tranfiated from 
wilt V a greater rcfaft.on be iw h nearer to 

its place than the ied ,^ h the vefrlaions are made, 
it on that hde, towards whtchtlte^ ^ ^ ^ ^ 

For inftatice, it the t approach nearer to it 

may be tranfiated to b x, _ > , b l e P furt her tranfiated 

at x than before, an i . further tranfiated to 

rXf Ae rS attd violet but of all fhe other in- 
Li Colours, and alfo of every revolution of 
hofe Colours, you will eafily perceive how thofe of the 
feme revolution ot order, by their neamefs at and 
il, and their coincidence at xv, and/, ought to con- 
ftitute pretty diftinft Arcs of Circles, elpeaally at x v 
or at /and /, and that they will appear ieyerally at 
xv and at x v exhibit whitenefs by them coincidence, 
and again appear leveral at ^ but yet m a contrary 
order to that which they had before, and ftiil retain 
beyond e and f. But, on the other fide, at a£ y a b^ 
or * a thefe Colours muft become much more confu- 
fed by being dilated and fpread fo, as to interfere with 
thofe of other Orders. And the fame confufion will 
happen at t % between e and/, if the refraction be very 
great, or the Prifm very diftant from the ObjeCd-Glafles : 
In which cafe no parts of the Rings will be feen, fave 
only two little Arcs at e and /, whofe diftance from one 

Gei another. 
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another will be augmented by removing tl le P r v 
ftill further from the ObjeCLGlaffes : Andthef P v? 
Arcs muft be diftin&eft and whited at their middl ltt e 
at their ends, where they begin to grow confufe/lu^ 
muft be coloured. And the Colours at one 
every Arc muft be in a contrary order to thole a t tj°* 
other end, by reafon that they crofs in the inter,, 
diate white 3 namely their ends, which verge tour,!' 

will be red and yellow on that fide next theCp^ 
ter, and blue and violet on the other fide. But tv' 
other ends which verge from n will on the contZ- 
be blue and violet on that fide towards the Center i,i 
on the other fide red and yellow. 5 a 

Now as all thefe things follow from the Properties 
or Cight by a mathematical way of reafoning; f 0 tj P 
truth oi them may be manifefted by Experiments. F 0 r 
m a dark room , by viewing thefe Rings throuah a 
rnim, by reflexion of the feveral prifmatique Colours 
which an affiftant caufes to move to and fro upon a 
Wall or Paper from whence they are reflected, whilft 
the Spectator’s Eye, the Prifm and the Objeft-GJaffes 
(as m the 15th Obfervation) are placed fteddy : the 
pofition of the Circles made lucceffively by the feveral 
Colours, will be found fuch, in refpea of one another 
as I have deferibed in the Figures abxv^ or abxvj 
or «■ 1 r, And by the fame method the truth of 
the Explications of other Obfervations may be exa* 
mined. 

By what hath been faid the like Phamomhia of 
Water, and thin plates of Glals may be underftood. 
But in fmall fragments of thofe plates, there is this 

further 
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farther obfervable, that where they lye flat upon a 
Table ind are turned about their Centers whilft they are 
viewed through a Prifm, they will in lome poftures 
exhibit waves ot various Colours^ and iome ot them ex- 
hibit thefe waves in one or two pofitions only, but the 
inoft of them do in all pofitions exhibit them, and make 
them for the moft part appear almolt all over the plates. 
The reafon is, that the luperficies of luch plates are not 
even, but have many cavities and fwellings, which how 
ihallow foever do a little vary the thicknefs of the 
plate. For at the feveral fides of thofe cavities, for 
the reafons newly deferibed, there ought to be produ- 
ced waves in feveral poftures of the Prifm. Now though 
it be but fome very lmall, and narrower parts- of the- 
Glafs, by which thefe waves for the moft part are cau- 
fed, yet they may feem to extend themfelves over the 
whole Glafs, becaufe from the narrowed of thofe parts 
there are Colours of feveral Orders that is- of feveral 
Rings, confufedly reflected, which by refraction of the 
Prifm are unfolded, leparated, and according to their 
degrees of refraction, difperfed to feveral places, fo as to 
conftitute fo many feveral waves, as there were divers- 
orders of Colours promifeuoufiy reflected from that 
part of the Glafs. 

Thefe are the principal Phenomena of thin Plates 
or Bubbles , whole explications depend' on the pro- 
perties of Light, which I have heretofore delivered 
And thefe you fee do neceffarily follow from them, and 
agree with them, even to their very leaft circumftances ; 
and not only fo, but do very much tend to their proof! 
Ihus, by the 04th Obiervation, it appears, that the 

rays 





rays of feveral Colours made as well by thin ?!-,»■ 
.Bubbles, as by refractions of a Prifm, have fevet? i° r 
grees of refrangibility, whereby thole of each n i 
which at their reflexion from the Plate or Bubbl ’ 
intermixed with thofe of other orders, are fen-r 3re 
from them by refraaion, and affociated together 
become vifible by themfelves like Arcs of Circle' 
if the rays were all alike refrangible, his impoflibk I° r 
the whitenels, which to the naked fence appears , ■ 
torm, ihould by refraaion have its parts tranip 0 fM?!i 
ranged into thofe black and white Arcs. ^ 

It appears alfo that the unequal refraaions of d'f 
form rays proceed not from any contingent irresulari' 
ties; luchas are veins, an uneven polifh, or bstmL 
pofition of the pores of Glafs ; unequal andcafual m 0 
uonsin the Air mother; the fpreading, breaking or 
dividing the fame ray into many diverging parts' or 
the like. For, admitting any fuch irregularities, it would 
be impoffible for refraaions to render thofe Rings ib 
very diftina, and well defined, as they do in the 
24th Obfervation. It is neceflary therefore that eve- 
ry ray have its proper and conftant degree of refran- 
gibility connate with it, according to which its refraaion 
is ever juftly and regularly performed, and that feve- 
ral rays have feveral of thofe degrees. 

And what is laid of their refrangibility may be alfo 
underftood of their* reflexibility, that is of their dilpo- 
titions to be refleaed fomeat a greater, and others at a 
lefs thicknefs, of thin Plates or Bubbles, namely, that 
thole difpofitions are alio connate with the rays, and 
immutable ; as may appear by the 13th, 14th, and 

15 th 
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T^th Obfervations compared with the fourth and 

C ‘ S Bv ’the precedent Obfervations it appeal rs alfo, that 
whitenefs is a diffimilar mixture of allColours, and that 
Liuht is a mixture of rays indued with all thole Co- 
lours For considering the multitude of the Rings o-* 
Colours, in tiie 3 d, ilth and 24th Obfervations, it is 
jnstmfeft that although in the 4th and 1 8th Obferva- 
tions there appear no more than eight or nine of thole 
Rinas yet there are really a fin* greater number, which 
fo much interfere and mingle with one another, as alter 
thofe eight or nine revolutions to dilute one another 
wholly, D and conflitute an even and fenfibly uniform 
whitenefs. And confequently that whitenefs mu ft be 
allowed a mixture of all Colours, and the Light which 
conveys it to the Eye mult be a mixture of rays indued 
with all thofe Colours. 

But further, by the a 4th Obfervation , it appears, 
that there is a conftant relation between Colours and 
Refrangibility, the inoft refrangible rays being violet, 
the leaft refrangible red, and thofe of intermediate Co- 
lours having proportionably intermediate degrees of re- 
frangibility. And by the 3th, 14th and 1 5th Obfer- 
vations, compared with the 4th or 1 8th, there appears 
to be the fame conftant relation between Colour and 
Reflexibility, the violet being in like circumftances re- 
flected at leaft thicknefles of any thin Plate or Bubble, 
the red at greateft thicknefles , and the intermediate 
Colours at intermediate thicknefles. Whence it fol- 
lows, that the colorifique difpofitions of rays are alfo 
connate with them and. immutable, and by confequence 

that 
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that all the productions and appearances of r i 
t« the World are derived not from any L , 
caufed in Light by refraftion or reflexion, but^T 
trom the various mixtures or reparations of ™l J 
virtue of their different Reftangibility or Reflrv.Vr J 
And in this refped the Scienc? of ColourTfi> 
Speculation as truly mathematical as any other D Z !- 
Optiques. 1 mean lo far as they depend on the » 
of .Light, and are not produced or altered by them Ie 
ot imagination, or by (hiking or prefling theEye^ 
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PART III. 



Of the permanent Colours of natural Bodies , and the 
Analogy between them and the Colours of thin tranf- 
parent ‘Plates. 

I Am now come to another part of this Defign, which 
is to confider how the Phenomena of thin tranfpa- 
rent Plates hand related to thofe of all other natural 
Bodies. Of thefe Bodies I have already told you that 
they appear of divers Colours, accordingly as they are 
difpofed to reiiedt moft copioufly the rays originally 
indued with thofe Colours. But their Conftitutions, 
whereby they reHedl fome rays more copioufly than 
others, remains to be difcovered, and thefe I ihall en- 
deavour to inanifeft in the following Propofltions, 



Hh 



PROP. 





Oil 



PROP. I. 




quantity 

that is , which intercede mediums that differ mfi f n ^ ■' 
refrathve denfities. And in the confines of equal! ^ 
framing mediums there is no reflexion. ' 

The Analogy between reflexion and refraCHon w 'll 
appear by confidering, that when Light paffeth oh 
liquely out of one medium into another which refrai 
from the perpendicular, the greater is difference ' 0 f 
their refractive denfity, the lefs obliquity is requifit 
to caufe a total reflexion. For as the Sines are which 
meafure the refraction, fo is the Sine of incidence # 
which the total reflexion begins, to the radius of the 
Circle, and confequently that incidence is leaft where 
there is the greatefl difference of the Sines. Thus in the 
paffing of Light out of Water into Air, where the 
refraftion is meafured by the Ratio of the Sines 3 to 4 
the total reflexion begins when the Angle of incidence 
is about 48 degrees 35 minutes. In paffing out of Glafs 
into Air, where the refraCtion is meafured by the Ratio 
of the Sines 20 to 31, the total reflexion begins when 
the Angle of incidence is 40 deg. 1 o min. and fo in 
palling put of cryftal, or more ftrongly reflating me- 
diums into Air, there is ftill a lefs obliquity requifite 
to caufe a total reflexion. Superficies therefore which 
refraCt moft do fooneft refled all the Light which is in- 
cident on them, and fo muff be allowed moft ftrongly 
reflexive. 



But 
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Rnt the truth of this Proportion will further appear 
1 r ■ ft, it in the luperficies interceding two 

TnS Cryftal, ’Metalline-Glaffe, Ifland-Glaffes, 
white tranfparent Arfnick, Diamonds, fete. ) the re- 
flexion is ftronger or weaker accordingly, as the fuper- 
flcies hath a greater or lefs refraChng power, ror in 
the confine of Air and Sal-gemm ’tis ftronger than in 
the confine of Air and Water, and M ftronger in the 
confine of Air and Common-Glafs or Cryftal, and ftronger 
in the confine of Air and a Diamond. If any of thefe,and 
fuch like tranfparent Solids, be immerged in Water, its 
reflexion becomes much weaker than before, and ftill 
weaker if they be immerged in the more ftrongly re- 
fracting Liquors of weil-reCtified oyi of Vitriol or fpirit 
of Turpentine. IfWater be diftinguifhed into two parts, 
by any imaginary furface, the reflexion in the confine 
of thofe two parts is none at all. In the confine of Wa- 
ter and Ice ’tis very little, in that of Water and Oyl ’tis 
fomething greater, in that of Water and Sal-gemm ftill 
greater, and in that of Water and Glafs, or Cryftal, or 
other denfer fubftances ftill greater, accordingly as thole 
mediums differ more or lefs in their refra&ing powers. 
Hence in the confine of Common-Glafs and Cryftal, 
there ought to be a weak reflexion, and a ftronger re- 
flexion in the confine of Common and Metalline- Glafs, 
though I have not yet tried this. But, in the confine of 
twoGlaffes of equal denfity, there is not any fenfible re- 
flexion, as was fhewn in the firft Obfervation. And 
the fame may be under ftood of the luperficies interce- 
ding two Cryftals, or two Liquors, or any other Sub- 
ftances in which no refraCtion is caufed. So then the 

H h a >reafon 




reafon why uniform pellucid mediums, (Oich a, W 
Glals, or Cryflal) have no fenfible reflexion ^ 
their external fuperficies, where they are adi^ Gt ln 
other mediums of a different denfity, { s bern to 

their contiguous parts have one and the fi umTJ 1 
of denfity. ne de gree 

PROP. II. 

The haft farts of almoft all natural Bodies are k f, 
meajure tranjfarent : And the opacity of thofe K? 
arifeth from the multitude of reflexions caufed in thZ ^ 
ternal Barts. lr “* 

That this is fo has been obferved by others 
will eajtybe granted by them that havJ been con, t 

fant with Mifcrofcopes. And it may be alfo trved h, 
allying any fubftance to a Hole through which fi* 
Light is immitted into a dark room. For how opake 
ioever thut fubftance may feem in the open Air it m\\ 
by that means appear very manifeftly tranfpamit, if 
it be of a fumcient thinnefs. Only white metalline Bo- 
dies muif be excepted, which by reafon of their excef- 
five denfity feem to refled almoft all the Light inci- 
dent on their firft fuperficies , unlefs by iblution in 
menftruums they be reduced into very fmall particles, 
and then they become tranfparent. 

PROP. III. 



Between the parts of opake and coloured Bodies eft 
many f faces, either empty or replemjhed , with mediums 
of other denjities j m Boater between the tinging corpujclts 
wherewith my Liquor is impregnated , Air between tlx 
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„ m Mules that conjiitute Clouds or Mtjls ; and for 
f voia of loth Air and Water, hu t ■jet 

%h$mt Jilj void of III fulfil, *»««» the porn 

* The truth' of this is evinced by the two precedent 
Propofitions : For by the fecond Propofitmn there ^are 
many reflexions made by the internal parts of Bodies,, 
which, by the firft Propofition, would not happen it 
the parts of thole Bodies were continued without any 
fiich 1 interfaces between them, becaufe reflexions are 
caufed only in fuperficies, which intercede mediums of 

a differing denfity by Prop. i\. . 

But further, that this difcontmmty of parts is the 
principal caul'e of the opacity of Bodies,, will appear by 
confidering, that opake lobftances become tranlparent 
by filling their pores with any lubftance of. equal or al- 
moft equal denfity with their parts. Thus Paper dip- 
ped' in Water or Oyl, the OcuIva rnundi Stone fteepM in 
Water, Linnen-cloth oyled or varnifhed, and many other 
fubftances foaked in iuch Liquors as will intimately 
pervade, their little pores, become by that means more 
tran fparent than otherwife ; fo, on the contrary, the 
inoft tran (parent fubftances may by evacuating their 
pores, or feparating their parts, be rendred fufficiently 
opake, as Salts or wet Paper, or the Oculm mmdi Stone 
by being dried, Horn by being feraped, Glafs by being 
reduced to powder, or otherwife flawed, Turpen- 
tine by being ftirred about with Water till they mix 
imperfe&ly , and Water by being formed into many 
fmall Bubbles, either alone in the form of froth, or 
by fhaking it together with Oyl of Turpentine , or 
with feme other convenient Liquor, with which it will 

not 
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parent fubftanees are confiderably ftronger than thi 
made by the fame fubftanees of a greater thicknefs ° e 

* PROP. IV. 

'I he farts of Bodies and their Interfaces muji not b t 
lejs than of fame definite bignefs, to render them of ah mi 

For the opakeft Bodies , if their parts be fubtih 
divided, ( as Metals by being difTolved in acid men. 
ftruums, %c.) become per fed ly tranfparent. And y ou 
may alfo remember, that in the eighth Obfervation 
there was no fenfible reflexion at the fuperficies of 
the Obje£t-Glafles where they were very near one 
another, though they did ndt absolutely touch. And 
in the 1 7th Oblervation the reflexion of the Water-bubble 
where it became thinneft was almofl: in fenfible, foas 
to caufe very black Spots to appear on the top of the 
Bubble by the want of reflected Light. 

On thele grounds I perceive it is that Water, Salt, 
Glafs, Stones, and fuch like fubftanees, are tranfparent. 
For, upon divers confederations, they feem to be as full 
of pores or interftices between their parts as other Bo- 
dies are, but yet their parts and interftices to be too 
fmall to caufe reflexions in their common iurfaces. 



not perfectly incorporate. And to the increafe of u 
opacity of thefe Bodies it conduces fomethins that- k 
the a 2th Obfervation the reflexions of verv thin h. 7 



PROP. 
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PROP. V. 

The tranfparent farts of Bodies according to then fe- 
Jai fALfi refleO rays of me Colour, andtranjmn 
Me of mother, on the fame grounds that tbmTlates <„ 
Bubbles do reflect or trmfmit thofe rays. And this 1 take 

to be the ground of all their Colours. .... r 

For if a thin’d or plated Body, which being ot an 
even thicknefs, appears all over ot one uniform Co- 
lour, fhouki be flit into threds, or broken into frag- 
ments, of the fame thicknefs with the plate ; 1 fee no 
reafon why every thred or fragment fhould not keep its 
Colour, and by coniequence why a heap ot thofe threds 
or fragments lhould not conftitute a mafs or powder of 
the lame Colour, which the plate exhibited before it 
was broken. And the parts of all natural Bodies being 
like fo many fragments of a Plate, muft on the fame 
grounds exhibit the fame Colours. 

Now that they do fo, will appear by the affinity of 
their properties. The finely coloured Feathers offome 
Birds, and particularly thofe of Peacocks Tails, do in 
the very fame part of the Feather appear of leveral Co- 
lours in feveral pofitions of the Eye, after the very fame 
manner that thin Plates were found to do in the 7th 
and 19th Obfervations , and therefore arife from the 
thinueis of the tranfparent parts of the Feathers that 
is, from the flendernefs of the very fine Hairs, or CapUa* 
menu, which grow out of the fides of the grofler late- 
ral branches or fibres of thofe Feathers. And to the 
fame pui pole it is, that the W ebs of fome Spiders by 

being 
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being fpun very fine have appeared coloured, as f 0 
have obferved, and that the coloured fibres of fome fin, 5 
by varying the pofition of the Eye do vary their Co 
lour. Alfo the Colours of filks, cloths, and other f u [j* 
fiances, which Water or Oyl can intimately penetrat * 
become more faint and obfcure by being immerged i* 
thofe liquors, and recover their vigor again hyhek 
til led, much after the manner declared of thin "Bodies 
in the ioth and aith Obler various. Leaf-gold, fome 
forts of painted Glafs, the inflation of Lignum Nefhru 
ticum , and fome other fubfiances reflect one Colour 
and tranfmk another, like thin Bodies in the 9th and 
aoth Obleryations. And l'ome of thole coloured pow- 
ders which Painters ufe, may have their Colours a little 
changed, by being very elaborately and finely ground 
Where 1 fee not what can be juftly pretended for thofe 
changes, belides the breaking of their parts into lefs 
parts by that contrition after the lame manner that the 
Colour of a thin Plate is changed by varying its thick- 
nefs. For which reafqti alfo it is that the coloured flowers 
of Plants and Vegetables by being bruifed ufually be- 
come more tranfparent than before, or at lead: in fome 
degree or other change their Colours. Nor is it much 
lefs to my purpoie, that by mixing divers liquors very 
odd and remarquable productions and changes of Co- 
lours may be effected, of which no caufe can be more 
obvious and rational than that the laline corpufcles of 
one liquor do varioufly adt upon or unite with the 
tinging corpufcles of another, fo as to make them fwell, 
or fhrink (whereby not only their bulk but their den- 
fity allb may be changed ) or to divide them into 
fmaller corpufcles, (whereby a coloured liquor may be- 



come tranfparent) or to make many of them affociate 
Into one clufter, whereby two tranfparent liquors may 
compofe a coloured one. For we fee how apt thole 
fli line menftruums are to penetrate and diflolve Jub- 
ilances to which they are applied, and fome ot them 
to precipitate what others diflolve. In like manner, ir 
vve confider the various Phenomena of the Atmofphaere, 
we may obferve, that when Vapors are firft railed, they 
hinder not the tranfpareney of the Air, being divided 
into parts too finall to caufe any reflexion in their iuper- 
flcies. But when in order to compofe drops of rain they 
begin to coalefce and conftitute globules of all inter- 
mediate fizes, thole globules when they become of a 
convenient fize to relied! fome Colours and tranfmit 
others, may conftitute Clouds of various Colours accor- 
ding to their fizes. And I fee not what can be ratio- 
nally conceived in fo tranfparent a fubftance as Water for 
the production of thefe Colours, befides the various 
fizes of its fluid and elobuler mrcels. 



PROP. VI. 

The farts of Bodies on r which their Colours defend , 
are denfer than the medium , which fervades their in - 
terjhces. 

This will appear by confidering, that the Colour of 
a Body depends not only on the rays which are inci- 
dent perpendicularly on its parts, but on thofe alfo 
which are incident at all other Angles. And that ac- 
cording to the 7th Obfervation, a very little variation 
at obliquity will change the reflected Colour where the 
thm body or finall particle is rarer than the ambient 

1 * medium, 
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medium, mfomuch that fuch a finall particle will at v 
verily oblique incidences refled all forts of Colours * 
fo great a variety that the Colour refolting f rom t j’ ln 
all, confufedly reflected from a heap of foch parties 
muft rather be a white or grey than any other Coloi^’ 
or atbeft it muft be but a very imperfect and dirty c' 1 
lour. Whereas if the thin body or fmall particle b' 
much denfer than the ambient medium, the Colours 
according to the 1 9th Obfervation are fo little changed 
by the variation of obliquity, that the rays which are 
reftetled leaft obliquely may predominate over the reft 
fo much as to caufe a heap of fuch particles to appear 
very intenfty of their Colour. 

It conduces alfo fomething to the confirmation of this 
Propofition, that, according to the 22th Obfervation 
the Colours exhibited by the denfer thin body within 
the rarer, are more brifque than thofe exhibited by the 
rarer within the denfer. 

PROP. Vil. 

I he bignefs of the component farts of natural Balks 
may be conjectured by their Colours. 

For fince the parts of thefe Bodies by Prop. 5. do 
moft probably exhibit the lame Colours with a Plate of 
equal thickneis, provided they have the fame refraftive 
denfity ; and lince their parts feem for the moft part to 
have much the fame denfity with Water or Glais, as 
by many circumftances is obvious to collect j to deter- 
mine the fizes of thofe parts you need only have recouife 
to the precedent Tables, in which the thickneis ol Wa- 
ter or Glafs exhibiting any Colour is exprefted. Thus 
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■ • 1 J to know the Diameter of a corpufcle, 
‘b'h^mTnfeaual denfity with Glafs ihall reflect 

stssisscti a — .«s*» « » 

b e parts of an Inch. 

fte areateft difficulty is here to know of what order 
, rvannr of nnv Body is. And for this end we muft 
1,1 recoui fe tt'the 4th and 18th Obfervations, from 
whence may be collefted thefe partial ars 

Scarlets , and other reds, or anges and yeUows , they 

be pure and intenfe are moft probably oi the fecond ol- 
der Thofe of the firft and third order alio may _ be 
pretty good, only the yellow of the firft order is taint, 
and the orange and red ot the third ordci have a gieat 
mixture of violet and blue. 

There may be good greens of the fourth order, but 
the pureft are of the third. And of this order the green 
of all vegitables leeni to be, partly by reafon of the in- 
tenfenefs of their Colours , and partly becaufe when 
they wither fome of them turn to a greenifh yellow, 
and others to a more perfeft yellow or orange, or per- 
haps to red, pafling firft through all the aforefaid in- 
termediate Colours. Which changes feem to be effected 
by the exhaling of the moifture which may leave the 
tinging corpufcles more denfe, and fomething augmen- 
ted by the accretion of the oyly and earthy part of 
that moifture. Now the green without doubt is of the 
fume order with thole Colours into which it changeth, 
becaufe the changes are gradual, and thofe Colours, 
though ufuaiy not very full, yet are often too full and 
lively to be of the fourth order. 



1 2 



Blues 
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Blues znd fur fles maybe either of the fecond or t] ‘ • i 
order, but the beft are of the third. Thus the Col 
ot violets feems to be of that order, becaufe their Syr^ 
by acid Liquors turns red, and by urinous and 
zale turns green. For fince it is of the nature of Ad!' 
to diflolve or attenuate, and of Alcalies to precipinV 
or incraffate, if the purple Colour of the Syrup was^of 
the fecond order, an acid Liquor by attenuating its rins- 
ing corpufcles would change it to a red of the ftl 
order, and an Alcaly by incraflfating them would cham 
it to a green of the fecond order ; which red and green 
efpecially the green, feem too imperfect to be the Co' 
lours produced by thefe changes. But if the faid purph 
be fuppofed of the third order, its change to red of the 
fecond, and green of the third, may without any in. 
convenience be allowed. 

_ If there be found any Body of a deeper and lets red- 
difh purple than that of the violets, its Colour moil 
probably is of the fecond order. But yet their being 
no Body commonly known whole Colour is conftantly 
more deep than theirs, I have made ufe of their name to 
denote the deepeft and lead reddifh purples, iuch as 
manifeftly tranicend their Colour in purity. 

The blue of the firft order , though very faint and 
little, may poffibly be the Colour of fome fubftances; 
and particularly the azure Colour of the Skys feems to 
be of this order. For all vapours when they begin to 
condenfe and coalefce into final! parcels, become firft of 
that bignefs whereby fuch an Azure mu ft be refiefted 
before they can constitute Clouds of other Colours. And 
fo this being the firft Colour which vapors begin to 
reflect, it ought to be the Colour of the hneft and moft 
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r cw« in which vapors are not arrived to that 
rfeft other Colours, as we find it 

IS ifmoft intenfe and luminous, is that of the 

a n nrrler if lefs ftrone, and luminous a rmxtuie of the 
^Vds of 'leveral orders . Of this laft kind is the 
whitenefs of Froth, Paper, Linnen, and moft white iub- 
ftances ; of the former I reckon that of white metal s to 
be For whilft the denfeft of metals, Gold, if foliated 
is tranf parent, and all metals _ become tranfparent it 
diffolved in menftruums or vitrified, the opacity of 
white metals arifeth not from their denfity alone. I hey 
being lefs denfe than Gold would be more tranfparent 
than it, did not fome other caufe concur with their den- 
fity to make them opake. And this caule I take to be 
fuch a bignefs of their particles as fits them to reflect 
the white of the firft order. For if they be of other 
thickneffes they may reflect other Colours, as is mani- 
feft by the Colours which appear upon hot Steel in tem- 
pering it, and fometimes upon the furface of melted 
metals in the Skin or Scoria which arifes upon them in 
their cooling. And as the white of the firft order is 
the ftrongeft which can be made by Plates of tranfparent 
fubftances, fo it ought to be ft longer in the denier fub- 
ftances of metals than in the rarer of Air, Water and 
Glafs. Nor do I fee but that metallic fubftances of fuch 
a thicknefs as may fit them to reflect the white of the 
firft order, may, by reafon of their great denfity (accor- 
ding to the tenour of the firft of thefe Propofitions) re- 
Beef all the Light incident upon them, and fo be as 
opake and fplendent as its polfible for any Body to be. 
Gold, or Copper mixed with lefs than half their weight 
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of Silver, or Tin, or Regulus of Antimony, i n f U f 
or amalgamed with a very little Mercury become whit*, 
which ihews both that the particles of white inetab 
have much more fuperficies, and fo are fmaller tli/ 
thofe of Gold and Copper, and alfo that they are r 
opake as not to fuffer the particles of Gold or Copn er ^ 
Ihine through them. Now it is fcarce to be doubted 
but that the Colours of Gold and Copper are of the 
cond or third order, and therefore the particles of white 
metals cannot be much bigger than is requisite to make 
them refled the white of the firft order. The volati- 
lity of Mercury argues that they are not much bigger 
nor may they be much lefs, leaft they lofe their opacity' 
and become either tranfparent as they do when attenua- 
ted by vitrification, or by folution in menftrutms, or 
black as they do when ground fmaller, by rubbing Sil- 
ver, or Tin, or Lead, upon other fub fiances to draw black 
Lines. The firft and only Colour which white metals 
take by grinding their particles fmaller is black, and 
therefore their white ought to be that which borders 
upon the black Spot in the center of the Rings of Co- 
lours, that is, the white of the firft order. But if you 
would hence gather the bignefs of metallic particles, 
vou mull allow for their denfity. For were Mercury 
tranfparent, its denfity is fuch that the Sine of inci- 
dence upon it (by my computation) would be to the 
fine of its refradion, as 71 to 20, or 7 to 2. And 
therefore the thick nets of its particles, that they may 
exhibit the fame Colours with thofe of Bubbles of\Va- 
ter, ought to be lefs than the thieknefs of the Skin of 
thofe Bubbles in the proportion of 2 to 7. Whence 
its poffible that the particles of Mercury may be as little 
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- fhe particles of feme tranfparent and volatile fluids, 



an 



BSv fa he P odVaion of Mack, the corpufdes 
be left than any of thofe which exhibi Colours. 
^.I%ater his the, is too 

fafuitde^ 'left Ihan ft^uifite to reflea the white and 
very taint blue of the firft order, they will, accordln & 

l At h 8 th 17th and 1 8th Obiervations, refled 

fo very little as to appear intenfly black, and yet _ may 
perhaps varioufly refrad it to and fro within them- 
[elves fo long, until it happen to be ftifled and loft, 
by which means they will appear black in all pohtions 
of the Eye without any tranfpareney. And from hence 
may be understood why Fire , and the more iubtile 
diffolver Putrefadion, by dividing the particles ot tub- 
ftances, turn them to black, why tmall quantities ot 
black fubftances impart their Colour very freely and in- 
tenfly to other fubftances to which they are applied ; 
the minute particles of thefe, by real on of their very 
great number, eafily overfpreading the grots particles 
of others ; why Glafs ground very elaborately with 
Sand on a copper Plate, "’till it be well polifhed, makes 
the Sand, together with what is worn off from the Glals 
and Copper, become very black : why black fubftances 
do fooneft of all others become hot in the Sun’s Light 
and burn, (which effed may proceed partly from the 
multitude of refradions in a little room, and partly 
from the eafy commotion of fo very fmall corpufdes ; ) 
and why blacks are ufuall a little inclined to a bluifh 
Colour. For that they are fo may be feen by illumina- 
ting white Paper by Light refteded from black fub- 
ftances,. 
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fiances. For the Paper will ufually appear of u 

white; and the reafon is, that black borders 3 , ^ 

obfcure blue of the firft order defcribed in tl ° n 

Obfervation, and therefore reflects more nvc 'V^ 1 

1™- lrf y s of (W 



In thefe Descriptions I have been the more Da ■ 
lar, becaufe it is not impoffible but that Mifcror^' 
may at length be improved to the difcoverv 
particles of Bodies on which their Colours depend* 
they are not already in fome meafure arrived to W/ 
gree of perfeaiori. For if thofe Inftruments are or 
be fo far improved as with fufficient diftindnefs tn Wn 
prefent Objefts five or fix hundred times bigger th' 
at a Foot di fiance they appear to our naked Eves? 
fhould hope that we might be able to difcover foL 1 } 
the greatefl of thofe corpufcles. And by one that would 
magnify three or four thoufand times perhaps thev 
might all be difcovered, but thofe which produce black 
nefs. In the mean while I fee nothing material in this 
Difcourfe that may rationally be doubted of excepting 
this Fohtion, I hat tranfparent corpufcles of the lame 
thicknefs and denfity with a Plate, do exhibit the fame 
Colour. And this I would have underflood not with- 
out fome latitude, as well becaufe thofe corpufcles may 
be of irregular Figures, and many rays rauft be oblique- 
ly incident on them, and lo have a fhorter way through 
them than the length ol their Diameters, as becaufe the 
fliaitnefs of the medium pent in on all fides within fuch 
corpufcles may a little alter its motions or other qua- 
lities on which the reflexion depends. But yet I can- 
not much fufpea the lad, becaufe I have obferved of 
Fome fmall Plates ol Mufcovy -Glals which were of an 
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cven thicknefi, that through a Mifaofcope they have 
anoeared of the fame Colour at their edges and cor 
nLs where the indudedmedium was terminated, which 
Sheared of in other places. However It will add 
much to our fatisfadion, if thofe corpufcles could be dif- 
covered with Mifcrofcopes ; which if we (hall at leng h 
attain to, I fear it will be the utmoft improvement ot 
this fenfe. For it Teems impoffible to fee the more fe- 
cret and noble works of nature within the corpulcles 
by reafon of their traniparency. 



The caufe of Reflexion is not the impinging of Light on 
the f olid or impervious parts oj Bodies , as is commonly be* 
lieved. 

This will appear by the following Confederations. 
Firft, That in the paffage of Light out of Glafs into 
Air there is a reflexion as ftrong as in its pafifage out of 
Air into Glafs, or rather a little flronger, and by many 
degrees flronger than in its pafifage out of Glafs into 
Water. And it feems not probable that Air fhould have 
more reflecting parts than Water or Glafs, But if that 
fhould poffibly be fuppofed, yet it will avail nothing ; 
for the reflexion is as ftrong or flronger when the Airis 
drawn away from the Glafs, (fuppofe in the Air-pump 
invented by Mr. Boyle ) as when it is adjacent to it. 
Secondly, if Light in its paffage out of Glafs into Air 
be incident more obliquely than at an Angle of 40 or 
41 degrees it is wholly refieaed, if lefs obliquely it is 
in great meafure tranfmitted. Now it is not to be ima- 
gined that Light at one degree of obliquity fhould meet 

K k with 
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with pores enough in the Air to tranfmit the o re , 
part of it, and at another degree of obliquity 
fneet with nothing but parts to refled it wholly e f 
ci^ily conlidering that in its paflage out of Air 
Glafs, how oblique foever be its incidence A-jpJ 0 
pores enough in the Glafs to tranfmit the greateft n , 
of it. If any Man fuppofe that it is not refleded bv th 
Air, but by the outmoft fuperficial parts of the G| a i\ 
there is ftill the fame difficulty : Betides, that S ’ 
Suppofition is unintelligible, and will alfo appear to C 
falfe by applying Water behind fome part of the Glafs 
inftead of Air. For fo in a convenient obliquity 0 f t! v > 
rays fuppofe of 45 or 46 degrees, at which they are all 
renewed where the Air is adjacent to the Glafs, they 
thall be in great mealure tranfmitted where the Water 
is adjacent to it ; which argues, that their reflexion 
or tranfrniffion depends on the confutation of the Air 
and Water behind the Glafs, and not on the linking 
off the rays upon the parts of the Glafs. Thirdly, If 
the Colours made by a Prifm placed at the entrance of 
a beam of Light into a darkened room be fucceffiveiy 
caft on a fecond Prifm placed at a greater diftance from 
the former, in fuch manner that they are all alike inci- 
dent upon it, the fecond Prifm may be fo inclined to 
the incident rays, that thole which are of a blue Colour 
fhali be all reflected by it, and yet thofe of a red Colour 
pretty copioufly tranfmitted. Now if the reflexion be 
caufed by the parts of Air or Glafs, 1 would ask, why 
at the fame obliquity of incidence the blue fhould whol- 
ly impinge on thofe parts fo as to be all refiefted, and 
yet the red find pores enough to be in great meafure 
tranfmitted. Fourthly, where two Glaiies touch one 

another, 
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„ ftl „ there is no fallible reflexion as was declared 

■' ffirft Obfervation ; and yet I fee no realon why 
Hi the blit impinge on the parts of Glafs as 

the rays ftould impmg Q] V & ^ ^ ^ 

much wheii contiguous ^ of a Water . 

gESfc (S the ; 7 th Obfervation) by the continual fub- 
j-jino, a nd exhaling of the Water grew very dun, t hue 
was Fuch a little and almoft infallible quantity o lg 1 
refleded from it, that it appeared intently black; where- 
as round about that black Spot, where the Water was 
thicker, the reflexion was fo ftrong as to make the 
Water feem very white. Nor is it only at the leaft 
thieknefs of thin Plates or Bubbles, that there is no 
manifeft reflexion, but at many other thicknefies con- 
tinually greater and greater. For in the 15 th O Ner- 
vation the rays of the fame Colour were by turns tranf- 
mitted at one thieknefs, and refleded at another thick- 
nefs, for an indeterminate number of fucceffions. And 
yet in the liiperficies of the thinned Body, where it is 
of any one thieknefs, there are as many parts for the 
rays to impinge on, as where it is of any other thick- 
nels. Sixthly, If reflexion were caufed by the parts of 
reHe£l mg Bodies, it would be impoffible for thin Plates 
or Bubbles at the fame place to refled the rays of one 
Colour and tranfmit thofe of another, as they do accor- 
ding to the 1 3 th and 15th Obfervations. For it is 
not to be imagined that at one place the rays which 
for inftance exhibit a blue Colour, fhould have the for- 
tune to daffi upon the parts, and thole which exhibit 
a red to hit upon the pores of the Body ; and then at 
another place, where the Body is cither a little thicker, 
ora little thinner, that on the contrary the blue fhould 
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hit upon its pores, and the red upon its parts, T m 
were the rays of Light receded by impinging ft t* 
folid parts of Bodies, their reflexions from polifhed fi 
dies could not be fo regular as they are. For i 
lilhing Glafs with Sand, Putty or Tripoly, it i s 
be imagined that thofe fubftances can by gratina f ? 
fretting the Glals bring all its leaft particles to ^ 
curate polifh ; fo that all their furfaces fhall be Jf' 
plain or truly fpherical, and look all the fame way / 
as together to compofe one even furface. The fin a ]| ° 
the particles of thole fubftances are, the fmaller wll 
be the fcratches by which they continually fret and we! 
away the Glafs until it be polifhed, but be they never 
fo final 1 they can wear away the Glafs no otherwife 
than by grating and fcratching it , and breaking the 
proturberances , and therefore polifh it no otherwife 
than by bringing its roughnels to a very fine Grain ib 
that the fcratches and frettings of the furface become 
too fmall to be viftble. And therefore if Light were 
reflected by impinging upon the folid parts of the Glafs 
it would be fcattered as much by the moft polifhed 
Glafs as by the rougheft. So then it remains a Pro- 
blem, how Glafs polifhed by fretting fubftances can re* 
fled Light fo regularly as it does. And this Problem 
is fcarce otherwife to be folved than by faying, that 
the reflexion of a ray is effected, not by a Angle point of 
the reflecting Body, but by fome power of the Body 
which is evenly diflfufed all over its furface, and by 
which it ads upon the ray without immediate centati 
For that the parts of Bodies do ad upon Light at a di* 
ftance fhall be lhewn hereafter. 



Now 
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Now if Light be refleaed not by impinging on the 
folH parts ofBodies, but by fome other principle ; its 
nvobible that as many of its rays as impinge on the 
Efid parts of Bodies ’are not refleaed but Ihfled and 
loft in' the Bodies. For otherwife we muft allow two 
forts of reflexions. Should all the rays be refleaed which 
impinge on the internal parts of clear Water or Cry l.a , 
thofe fubftances would rather have a cloudy Colour 
than a clear tranfparcncy. To make Bodies look black, 
its neceffary that many rays be ftopt, retained and loft 
in them, and it feems not probable that any rays can 



their parts. 

And hence we may underftand that Bodies are much 
more rare and porous than is commonly believed. YV li- 
ter is i 9 times lighter, and by confequence 19 times 
rarer than Gold , and Gold is fo rare as very readily 
and without the leaft oppofition to tranfmit the mag- 
netick Effluvia, and eafily to admit Quick -filver into 
its pores, and to let Water pafs through it. For a con- 
cave Sphere of Gold filled with Water, and fodered up, 
has upon preffing the Sphere with great force, let the 
Water fqueeze through it, and ftand all over its out- 
fide in multitudes of fmall Drops, like dew, without 
burfting or cracking the Body of the Gold as 1 have 
been informed by an Eye-witnefs. From all which we 
may conclude, that Gold has more pores than folid 
parts, and by confequence that Water has above forty- 
times more pores than parts. And he that fhall find out 
anHypothefis, by which Water may befo rare, and yet 
not be capable of compreffion by force, may doubtiefs 
by the fame Hypothefis make Gold and Water, and all 



other 
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other Bodies as much rarer as he pleafes, fo that r • , 
ftan V re*™ 1 * pa%e through tiWparent ^ 

PROP. IX. 

Bodies reflett and refratt Light one and the r 
fo-wer vanoujly exerctjed in various circumftances *** 
This appears by ieveral Confiderations. Firft r 
caufe when Light goes out of Glafs into Air as k 
hquely as it can poffibly do, if its incidence be Jl 
ihll more oblique, it becomes totally reflected V 
the power of the Glafs after it has refolded the Lfohf 
as obliquely as is poffible if the incidence be fcll n S 
more oblique, becomes too ftrong to let any ofits nm 
go through, and by confequence caufes total reflexions 
Secondly , Becaule Light is alternately refleded and 
trail lmittcd by thin Plates of Glafs for many fucceffions 
accordingly , as the thicknefs of the Plate increafes 
m an arithmetical Progreffipn. For here the thicknefs 
ot the Glafs determines whether that power by which 
Glals acts upon Light fhall caufe it to be reflected or 
iufc it to be tranlmitted. And, Thirdly, becaule thole 
fur flices of tranfparent Bodies which have the greeted 
refolding power, refled the greateft quantity of Light, 
as was lliewed in the. heft Propolition. 

PROP. X. 

If Light be fwifter ; in Bodies than in Vacuo in the 
fropmioH of the Sines 'which meafure the refraSion. of the 
Bates, the forms of the Bodies to reflecl and refraS Light, 

are 
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nearly proportional to the denfities of the jams 
Bodies excepting that mHuom and fulpbureom Bodies 1 c- 
f„a more than others of this fame denfity. 

' LeG B reprefent the refrafting plane furfc.ee of :my 

_ T . T h I nhlimielv UDOll the 




Body ill C, fo that the Angle A Cl may be infinitely 
little, and let C R be the refolded ray. From a given 
point B perpendicular to the refolding for face ered 
BR meeting with the refraded ray CR in R, and ii 
CR reprefent the motion of the relraded ray, and this 
motion be diftinguilhed into two motions CB and BR, 
whereof CB is a parallel to the refrading plane, and 
BR perpendicular to it : CB (hall reprefent the motion 
of the incident ray, and B R the motion generated by 
the refradion, as Opticians have of late explained. 

Now if any body or thing in moving through any 
fpace of a giving breadth terminated on both lides by 
two parallel plains, be urged forward in all parts of 
that fpace by forces tending diredly forwards towards 
the laft plain, and before its incidence on the (irfl 
plane, had no motion towards it, or but an inhnitly 
little one ; and if the forces in all parts of that fpace, 
between the planes be at equal di (lances from the planes 
equal to one another, but at feveral diftances be bigger 
or lefs in any given proportion, the motion generated, 
by the forces in the whole pafiage of the body or thing 

through 
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through that fpace fhall be in a fubduplicate pronoiV 
ot the forces, as Mathematicians will eafily underfr l ? 
And therefore if the fpace of a&ivity of the refm/v 
fuperlcies of the Body be confidered as luch a f ° 
the motion of the ray generated by the refra6tii lg jp’ 
of the Body, during its paffage through that r,^ 
that is the motion BR mu ft be in a fubduplL? 
} proportion of that refracting force : I lay therefore th 
the lquare of the Line BR, and by conference df 
refracting force of the Body is very nearly as thede % 
fity of the fame Body. For this will appear by the fej' 
lowingTable, wherein the proportion of the Sines which 
meafurc the refraxions of feveral Bodies, the fn Uare 
of BR fuppofing CB an unite, the denfities of the 
Bodies eftimated by their fpecifick gravities, and their 
refractive power in relped of their denfities are fet 
down in feveral Columns. 
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The refira£ing Bodies. 



The Proportion 
of the Sims of 

incidence and — - , U| . , D 

refraction of force of theBo- of the Bo 
yellow Light, i dy is propor - dp 

tionate. 



A Pfeudo-T opazius, be 
ing a natural, pellucid, 
brittle, hairy Stone, of 
a yellow Colour 
Air’ 

Giafs of Antimony 

A Selenitis 

Giafs vulgar 

Cryftal of the Rock 

Bland Cryftal 

Sal Gemmae 

Alume 

Borax 

Niter 

Dantzick Vitriol 
Oyl of Vitriol 
Rain Water 
Gumm Arabic 
Spirit of Wine well recti 
fied 

Camphire 
Oyl Olive 
Lintfeed Oyl 
Spirit of Turpentine 
Ambar 
A Diamond 



23 to 14 



3851 to 
17 to 
6 1 to 
p to 
25 to 
5 to 
17 to 
35 to 
22 to 
32 to 
303 to 
10 to 
529 to 
3T to 



3S50 

9 

41 

20 

16 

3 

1 1 
24 

15 

21 
200 

396 

21 



The Square of The denfry The refra 
BR, to which, and fpeci- Stive power 
the refracting fic gravity of the Body 



tn re 



100 to 73 



3 to 
22 to 
40 to 
25 to 
14 to 
100 to 



2 

27 

r 7 

9 

41 



1*699 

0*00052 

2*568 

1*21 3 

1*4025 

1*445 

1*778 

1*388 

1*1267 

1*1511 

i’ll 5 

I>2 95 

1*041 
0*7845 
1 179 

0*8765 

1 1 511 

1*1948 

1*1626 

1*42 

4*949 



4*27 



0*00125 

5*28 

2*252 

2*58 

2*65 

2*72 

2*143 

i*7t4 

1 ’ 7 1 4 



i’9 
1*715 



*’? 75 

o’866 

0*996 

.0^15 

0*932 

0*874 

1*04 

3*4 



efpeU 

of its den- 

fry- 



3979 

4160 
4864 
5386 
54 ? ^ 

545 ° 

6536 

6477 

6 J 7 ° 

6 716 
7079 

; 7 5 5 1 
6124 

7845 

8 574 

10121 

12551 
1 2607 
12819 
13222 
13654 
14556 



The refraction of the Air in this Table is determined' 
by that of the Atmofphere obferved by Aftronomers.. 
f 01 ir Light pals through many refracting iubftances or; 
mediums gradually denier and denier, and terminated 
i LI 
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with parallel furfaces, the fumm of all the ref™ a* 
will be^ equal to the tingle refraction whicli it .. 
have buffered in palling immediately out of 
medium into the lalf. And this holds true thomj ^ 
number of the refracting fubdances be increafed t 
nity, and the diftances from one another as much a 
creafed, fo that the Light may be refracted i n c 
point of its paflage, and by continual refactions K ' y 
into a curve Line. And therefore the whole reftjp 1 
of Light in palling through the Atmofphere from H ” 
higheft and rareft part thereof down to the loweftaH 
den fed part, mud be equal to the refraction whicht 
would fuffer in paffing at like obliquity out of a V * 
cuum immediately into Air of equal denfitv with tlm 
in the lowed part of the Atmofphere. 

Now, by this Table, the refractions of a Pfeudo-To 
paz, a Selenitis, Rock Crydal, Ifland Cryftal Vulgar 
Glafs ( that is, Sand melted together ) and Glafs of 
Antimony, which are terredrial dony alcalizate con- 
cretes, and Air which probably arifes from fuch fubftances 
by fermentation, though thefe be fubftances very differing 
from one another in denlity, yet they have their refra- 
ctive powers almod in the fame proportion to one ano- 
ther as their denfitiesafe, excepting that the refraftionof 
that drange fubltance Ifland-Cryftal is a little bigger 
than the red. And particularly Air, which is 5400 times 
rarer than thePieudo-Topaz, and 4200 times rarer than 
Glafs of Antimony, has notwithftanding its rarity the 
fame refraCtive powder in refpeCt of its denlity which 
thole two very denfe fubdances have in refpeCt of theirs, 
excepting fo far as thol’e two differ from one another. 



Arain the refraftion of Camphire, Oy 1 -Olive Lmt> 
ri g Ovi Spirit of Turpentine and Amber, which are 
ft fulrf ureou. unSuous Bodies, and a Diamond, which 
6 S unauous fubftance coagulated, have their 
refraftive powers in proportion to one another « their 
1 ’nfities without any confiderable variation. But tl c 
refraSivekpower of We unfluous fubftances is two 
or three times greater in refpeCt of their denfities tha_ 
the refraCtive powers of the former fubdances in relpeCfc 

° f Water has a refraCtive power in a middle degree be- 
tween thofe two forts of fubdances, and probably is of 
a middle nature. For out of it grow all vegetable and 
animal fubdances, which confid as well of iulphureous 
fat and inflamable parts, as of earthy lean and alcali- 
2£it£ ones. 

Salts and Vitriols have refradive powers in a middle 
degree between thofe of earthy fubdances and Water, 
and accordingly are compofed of thofe two forts of fub- 
ftances. For by didillation and rectification of their 
Spirits a great part of them goes into Water, and a great 
part remains behind in the form of a dry fix t earth ca- 
pable of vitrification. 

Spirit of Wine has a refraCtive power in a middle 
degree between thofe of Water and oyly fubdances, and 
accordingly feems to be compofed of both , united by 
fermentation ; the Water, by means of lome inline Spi- 
rits with which Ms impregnated, diffolving the Oyl, 
and volatizing it by the aCtion. For Spirit of Wine* is 
inflamable by means of its oyly parts, and being didd- 
led often from Salt of Tartar, grows by every didilla^ 
tion more and more aqueous and flegmatick. And 

L 1 a Chymifts 
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Chymifts obferve, that Vegitables (as Lavender t> 
Marjoram, \8c.) (Milled per fe , before ferment 
yield Oyls without any burning Spirits, but after f 
mentation yield ardent Spirits without Ovls • Wr 
lhcws, that their Oyl is by fermentation convert • 
Spirit. They find alfo, that if Oyls be poured in 
quantity upon fermentating Vegetables, they dit'til *7 
after fermentation in the form of Spirits. ' 0ver 

So then, by the foregoing Table, all Bodies f eem 
have their refractive powers proportional to [\J. 
den fi ties, (or very nearly ;) excepting fo far as the! 
partake more or lels of Iulphurous oyly particles an j 
thereby have their refractive power made greater or 
lets. W hence it feems rational to attribute the refra 
Clive power of all Bodies chiefly, if not wholly, to the 
Iulphurous parts with which they abound. For it’s 
probable that all Bodies abound more or lefs with Sul- 
phurs. And as Light congregated by a Burning-d a f s 
adh molt upon fulphurous Bodies, to turn them in- 
to fire and flame ; fo, fince all aCtion is mutual, Sul- 
phurs ought to a Cl moft upon Light. For that the 
a&ion between Light and Bodies is mutual, may appear 
from this Confideration, That the denfefi Bodies which 
refraCt and refieCt Light moft ftrongly grow hotteft in 
the Summer-Sun, by the aCtion of the refraCted or re- 
flected Light. 

I have hitherto explained the power of Bodies to re- 
flect and refraCt, and Ihewed, that thin tranljparent 
plates, fibres and particles do, according to their leveral 
thicknefies and densities, refieCt feveral forts of rays, 
and thereby appear of feveral Colours, and by conib 
quence that nothing more is requifite for producing .all 

the 
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. r i„,,« of natural Bodies than the feveral has and 

BB «*£ 

2 h thenJ"fA 

Par? with a few more Proportions. Uiofe « 

,-pfnpCt the nature of Bodies, thele tne nature u 

Lioht • For both mull be underllood before the realon 
of their aftions upon one another can be known. And 
becaule tire laft Propofition depended upon the wb- 
«... -c r t ,arU i win with a Propofition of that 



PROP- XL 

JJioht is propagated from luminous Bodies in time , and 
[pends about [even or eight minutes of an hour in faffing, 
kom the Sun to the Earth. 

This was oblerved firft by Romer , and then by others* 
by means of the Eclipfes of the Satellites of [fupiter 
For thefe Eclipfes, when the Earth is between the Sun 
and Jupiter, happen about feven or eight minutes foonet 
than they ought to do by the Tables, and when the Earth 
is beyond the Sun they happen about feven or eight mi- 
nutes later than they ought to do; the reafon being, that 
the Light of the Satellites has farther to go in the latter 
cafe than in the former by the Diameter of the Earth V 
Orbit. Some inequalities of time may arife from the 
excentricities of the Orbs of the Satellites ; but thole 
cannot anfwer in all the Satellites, and at all tune? 

to 
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to the petition and diftance of the Earth from the 9 
The mean motions of Jupiter * s Satellites is alio f J?' 1, 
in his delcent from his Aphelium to his Perihel’ f 
than in his afcent in the other half of his Orb : But?* 
inequality has no refped to the petition of the EarH 
and in the three interior Satellites is infenfible as I fi j 
by computation from the Theory of their gravity Hl 

PROP. XII. 

Every ray of Light in its paffage through any ref n . 
ding far face is put into a certain tranfient confatutm 
or fate , i which in the progrefs of the ray returns # 
equal intervals , and difpofes the ray at every return 
to be eafdy tranfmitted through the next refraam f w 
face, and between the returns to be eafdy reflated L 
it. ^ 

This is manifeft by the 5th, 9th, 1 ath and 1 5th Ob. 
fervations. For by thofe Oblervations it appears, that 
one and the fame fort of rays at equal Angles of inci- 
dence on any thin tranfparent plate, is alternately refle- 
cted and tranfmitted for many fuceeflions accordingly 
as the thickncfs of the plate increafes in arithmetical 
progreffion of the numbers o, 1, a, 3, 4, 5, 6, 7, 8,&-, 
lb that if the tirft reflexion (that which makes the firft 
or inner molt ol the Rings of Colours there defcribed ) 
be made at the thicknels i,the rays lhall be tranfmitted at 
the thickneffes o, a, 4, 6, 8, 10, n, &V. and thereby 
make the central Spot and Rings of Light, which ap- 
pear by tranfmiffion, and be reflected at the thickpefs 
J? 5) 7 j 9,1 i fatc, and thereby make the Rings which 

appear 
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. , reflexion. And this alternate reflexion and 
a P p( ? r; &n as bather by the a+th Oblervation con- 

tranfmiffion, as Lg y v : c iflitudes, and by the 

tinues for above . an . 0 f t pi s Book, for many 

th& Obfervations in the next pair or un » Qurf 

thou&nds, being fi rf the plate 

plate to the other though the tluctae^ ^ 

^ gated &££*** 

depds on 

both the forfaces of every thin plate, becaule : it de- 
5s on their diftance % a ith Obfavatto^ 
either furface of a thin plate of Mulcovy-Glafs be wet- 
ted, the Colours caufed by the alternate reflexion 
and refaction grow faint, and therefore it depends on 

It is therefore performed at the fecond iurface, for 
if it were performed at the firft, before the rays ar- 
rive at the fecond , it would not depend on the ie- 

It is alfo influenced by fome a£tion or diipofition, 
propagated from the tirft to the fecond, becaule other- 
wife at the fecond it would not depend on the firft. And 
this aftion or difpofition, in its propagation, intermits 
and returns by equal intervals, becaule in all its pro- 
grefs it inclines the ray at one diftance from the tirft 
furface to be reflected by the fecond, at another to be 
tranfmitted by it, and that by equal intervals for innu- 
merable viciffitudes. And becaufe the ray is difpofed 
to reflexion at the diftances i, 3, 5, 7, 9, l9V, and to 
tranfmiffion at the diftances o, a, 4, 6, 8, 1 o, ( lor 
its tranfmiffion through the firft furface, is at the di- 
ftance 
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fiance o, and it is trarifmitted through both t 
ther, if their difiance be infinitely little or much °fr' 
than i ) the dilpofition to be tranfmitted at the 
*, 4 -, 6, 8, l o, he. is to be accounted a return of tff 
fame difpofition which the ray fil'd had at the diftancecf 
that is at its tranfmiffion through the firit refraCting fu ■’ 
face. All which is the thing I would prove. 

W hat kind of aCtion or dilpofition this is ? Whether 
it confifi in a circulating or a vibrating motion of the 
ray, or of the medium, or fomething elle ? I do not 
here enquire. Thofe that are averfe from a denting to 
any new difeoveries, but fuch as they can explain by an 
Hypotheiis, may for the prefent fuppofe, that as Stones 
by falling upon Water put the Water into an undula- 
ting motion, and all Bodies by percuffion excite vibra- 
tions in the Air; fo the rays of Light, by impinging on 
any refracting or reflecting furface, excite vibrations in 
the refraCting or reflecting medium or fubftance, and 
by exciting them agitate the folid parts of the refracting 
or reflecting Body, and by agitating them caufe the Body 
to grow warm or hot ; that the vibrations thus excited 
are propagated in the refraCting or reflecting medium 
or fubftance, much after the manner that vibrations are 
propagated in the Air for caufing found, and move 
taftcr than the rays fo as to overtake them ; and that 
when any ray is in that part of the vibration which com 
ipires with its motion, it eafily breaks through a re- 
tracing lurface, but when it is in the contrary part of 
the vibration which impedes its motion, it is eafily 
reflected ; and, by confluence, that every ray is fuc- 
cdfiveiy difpofed to be eafily reflected, or ealily tra-nt* 
mitted, by every vibration which overtakes it. But 
, ' ' whether 
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i ether thisHVpothefc be true or falfe I do not here 
wh ether tms») P felf w kh the bare drfeovery, 

Tfieravs of Light are by feme caufe or other alter- 

m?ely difpofed to be reflefted or reffafted for many v.- 

ciffitudes* 

DEFINITION. 

The returns of the difpofition of any ray to fore fie tied 
hull caU its Fits of eaiy reflexion, and thofe of 
its difpofition to be tranfmitted its f its ot eafy trant- 
miffion, and the f pace it pajfes between even re- 
turn and the next 



return , the Interval of its 






PROP. XIII. 

The reafon 'why the furfaces of all thick tranf parent 
Bodies re fie 3 part of the Light incident onthem y and 
refrain the reft , *r, that fome rays at their incidence are 
in Fits of eafy reflexion , and others in Fits of eafy tranf- 
mtjfon . 

This may be gathered from the a 4 -th Obfervation, 
where the Light reflected by thin plates of Air and Glafs, 
which to the naked Eye appeared evenly white all over 
the plate, did through a Prifm appear waved with many 
fucceffions of Light and Darknefsmade by alternate fits 
of eafy 'reflexion and eafy tranfmiffion , the Prifm 
fevering and diftinguifhing the waves of which the 
white reflected Light was compofed, as was explained 
above. 

M m 



And 



khb 



_J|i|f Mi y., 

m j mm 
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And hence Light is in fits of eafy reflexion and e r 
tranfmiflion, before its incidence on traniparent Bod'^ 
And probably it is put into luch fits at its firft einiffi^' 
from luminous Bodies, and continues in them dur' Cn 
all its progrels. For thefe fits are of a lafting N at J n ^ 
as will appear by the next part of this Book. ° re> 
In this Propofition I fuppofe the traniparent B 0 di 
to be thick, becaufe if the thicknefs of the Bodv 1 * 
much lels than the interval of the fits of eafy reflexion 
and tranfmiflion of the rays, the Body lolethits reileftk, 
power. For if rhe rays, which at their entering 
the Body are put into fits of eafy tranfmiflion, arrive at 
the furtheft lurfaee of the Body before they be out of 
thofe fits they mu ft be tranlmitted. And this is the 
reafon why Bubbles of Water lofe their reflecting power 
when they grow very thin, and why all opake Bo- 
dies when reduced into very fmall parts become trauf- 
parent. 

PROP. XIV. 

T’hoje furfaces of tr an [parent Bodies , 'which if then y 
be in a fit of refraSlion do refrabl it mofl jlrongly 5 if the 
ray be in a fit of reflexion do reflect it mofl eafdy. 

For we Ihewed above in Prop, 8. that the caufe of 
reflexion is not the impinging of Light on the folid 
impervious parts of Bodies, but fome other power by 
which thofe folid parts aft on Light at a diftance. We 
Ihewed alfo in Prop. 9. that Bodies refleft and refract 
Light by one and the fame power variouily exercifed in 
various circum fiances, and in Prop. 1. that the molt 

ftmnjlv rpfra£Hna fnrfarps reflpft the moft TJfifht: All 
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Which compared together evince and ratify both tins 
and the laft Propofition. 

PROP. xv. 

• r,t any one and the fame fort of rap emerging many 

« reflexion 

mi tranfmiflion are either accurately or very marly, as 
'the Reaaxgb of the fecant of the Angle of ref raSum and 
of the fecant of another Angle, -whole fine k the firft of 
,06 arithmetical mean proportionals , between the Jmes 
of incidence and refradim counted from the Jme oj re- 

* This is manifeft by the 7th Obfervation. 



PROP. XVI. 



In feveral forts of rays emerging in equal jungles out 
of any refraining furface into the fame medium , the inter * 
vals of the following fits of eafy reflexion and eafy tranfl 
miff on are either accurately, or very nearly , as the Cube* 
roots of the Squares of the lengths of a Chord, which found 
the notes in an Eight , fol, la, fa, ibl, la, mi, fa, fol, with 
all tbeir intermediate degrees anfwering to the Colours of 
thofe rays , according to the „ Analogy defcribed in the fe* 
venth Experiment of the fecond Book . 

This is manifert by the 1 3 th and 14 th Obfervations. 



Mm 2 



PROP. 
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PROP. XVII. 

If rays of any one fort pafs perpendicularly into U 
mediums , the intervals of the fits of eafy reflexion ^ 
tranfmiffion in my one medium , is to thofe interval^ 
any other m the fine of incidence to the fine of refrai' * 

■when the r ays f 4 s mt “f the fif of thofe two Led, 2 

into the fecond. ' J 

This is manifeft by the ioth Obfervation. 

PROP. XVIII. 

If the rays which paint the Colour in the confine of 
yel/ovu and orange pafs perpendicularly out of any medium 
into Air, the intervals of their fits of eafy reflexion are 
the part of an Inch. And of the fame length are 
the intervals of their fits of eafy tranfmiffion. 

This is manifeft by the 6th Obfervation. 

From thefe Proportions it is eafy to collect the in- 
tervals of the fits of eafy reflexion and eafy tranfmif- 
fion of any fort of rays refracted in any Angle into 
any medium, and thence to know, whether the rays 
ftiall be reflected or tranfmitted at their fubfequent 
incidence upon any other pellucid medium. Which 
thing being ufeful for underftanding, the next part of 
this Book was here to be fet down. And for the fame 
reafon I add the two following Proportions. 



PROP. 
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PROP. XIX. 

If am fort of rap falling on the polite furf^e of any 
■pellucid 'Medium he reflected hack, the fits of 
CZ M they have at the pent of reflexion ,fl<f 
fi,u continue to return, and the returns flail he at fit 
fiances from the point of reflexion m the arithmetical 
pLmflion of the numbers 3 , +, 6, 8, 10 , I 7 ,kc. and he- 
fe/ thefe 1 fits the rap JbaU he » fits of eafy tranfl 

Tor fince the fits of eafy reflexion and eafy tranf- 
miffion are of a returning nature, there is no reafon 
why theie fits, which continued till the ray arrived at 
the reflecting medium, and there inclined the ray to 
reflexion, jfihould there ceafe. _ And if the ray at the 
point of reflexion was in a fit of eafy reflexion, the 
progreflion of the diftances of thefe fits from that point 
muft begin from o, and lb be of the numbers o, 2, 4, 
6, 8, &c. And therefore the progreflion of the di- 
fiances of the intermediate fits of eafy tranfmiflion rec- 
koned from the fame point, muft be in the progreflion 
of the odd numbers 1, 3, 5, 7, 9, be. contrary to what 
happens when the fits are propagated from points of 



PROP. XX. 

The intervals of the fits of eafy reflexion and eafy 
tranfmiffion , propagated from points of reflexion into any 
medium , are equal to the intervals of the like fits which 
the fame rays would have, if refratfed into the fame 

medium 
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For when Light is reflected by the fecond f ur f ace 
thin plates, it goes out afterwards freely at the fir ft f 
face to make the Rings of Colours, which appear * 
reflexion, and by the freedom of its egrefs, makes t/ 
Colours of thefe Rings more vivid and ftrong than tho/ 
which appear on the other fide of the plates by 
tranfmitted Light. The refie&ed rays are therefore \ 
fits of eafy tranfiniffion at their egrefs ; which would 
not always happen, if the intervals of the fits within 
the plate after reflexion were not equal both in length 
and number to their intervals before it. And this confirms 
alfo the proportions fet down in the former Propofitiou 
For if the rays both in going in and out at the firft furface 
be in fits of eafy tranfmiffion, and the intervals and num- 
bers of thofe fits between the fir ft and fecond furface 
before and after reflexion, be equal ; the diftances o? 
the fits of eafy tranfmifiion from either furface, mufthe 
in the fame progreffion after reflexion as before j that 
is, from the firft furface which tranfmitted them, in 
the progreffion of the even numbers o, a, 4, 6, % % 
and from the fecond which reflected them, in that of 
the odd numbers 1, 3, 5, 7, tor. But thefe two Pro- 
pofitions will become much more evident by the Obfer- 
vations in the following part of this Book, 
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THE 

SECOND BOOK 

O P T I C K S- 



PART IV. 



Obfer vat ions concerning the Reflexions and Colours of 
thick tranf -parent polifhed Plates. 

T Here is no Glafs or Speculum how well foever 
polifhed, but, befides the Light which it refra&s 
or refle&s regularly , fcatters every way irregularly a 
faint Light, by means of which the polifhed furface, 
when illuminated in a dark Room by a beam of the 
Sun’s Light, may be eafily feen in all pofitions of the 
Eye. There are certain Phenomena of this fcattered 
Light, which when I firft obferved them, feemed very 
ftrange and furprifing to me. My Obfervations were 
as follows. 





The Sun Alining into my darkened Chamber n, 
a Hole; of an Inch wide, I let the intromitted 
of Light fall perpendicularly upon a Glafs Sn ■ 1 
ground concave on one fide and convex on the k 
to a Sphere of five Feet and eleven Inches Radiu °^ er > 
quicksilvered over on the convex fide. And 
a. white opake Chart, or a Quire of Paper at th P r?? 6 

of tbp finhrr« M +U* C™„1 . ^ 



of the Spheres to which the Speculum was ground!? 
is, at thediftance of about five Feet and eleven lid ^ 
from the Speculum, in fuch manner, that the beamrf 
Light might pafs through a little Hole made in th 
middle of the Chart to the Speculum, and then ceU 
reflected buck to the fame Hole : I oblerved upon the 
CSiart four or five concentric Irifes or Rings of Colour 
like Rain-bows, encompaffing the Hole much after the 
manner that thofe, which in the fourth and following 
Obiervations of the firftpart of this third Book appeared 
between the Objedf-Glalfes,encompaffed the black Spot 
but yet larger and fainter than thofe. Thele Rings as 
they grew larger and larger became diluter and fainter, 
io that the fifth was fcarce vifible. Yet fometimes 
when the Sun lhone very clear, there appeared faint 
Lineaments of a fixth and feventh. If the diftance of 
tli'w Chart tiom the Speculum was much greater or much 
lefs than that of fix Feet, the Rings became dilute and 
vanifhed. And if the diflance of the Speculum from 
the Window was much greater than that of fix Feet, 
the lefle&ed beam ot Light would be lb broad at the 
di fiance ot fix Feet from the Speculum where the Rings 

appeared, 
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j „ e tr, nbfeure one or two of the mnermoft 
Sf s d And therefore I ufuaUy placed the Speculum 
f Xut fix Feet from the Window ; lo that its Focus 
there fall in with the center of its concavity at the 
RjL upon the Chart. And this pofture is always to 
be underftood in the following Obiervations where no 
other is expreft. 



O B S. II. 



The Colours of thefe Rain-bows fucceeded one ano- 
ther from the center outwards, in the fame form and 
order with thofe which were made in the ninth Obfer- 
vation of the firft Part of this Book by Light not re- 
flected, but tranfmitted through the twoObje<S>Glafles. 
For, firft, there was in their common center a white 
round Spot of faint Light, fomething broader than the 
reflected beam of Light ; which beam fometimes fell 
upon the middle of the Spot, and fometimes by a little 
inclination of the Speculum receded from the middle, 
and left the Spot white to the center. 

This white Spot was immediately encompa fled with 
a dark grey or rufiet, and that darknefs with the Co- 
lours of the firft Iris, which were on the infide next 
the darknefs a little violet and indico, and next to that 
a blue, which on the outfide grew pale, and then fuc- 
ceeded a little greenifti yellow, and after that a brighter 
yellow, and then on the outward edge of the Iris a red 
which on the outfide inclined to purple. 

This Iris was immediately encompafled with a fe- 
cond, whole Colours were in order from the infide 

N n out- 
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outwards, purple, blue, green, yellow, light red, a red 
mixed with purple. Q 

Then immediately followed the Colours of the third 
Iris, which were in order outwards a green incline 
to purple, a good green, and a red more bright than 
that of the former Iris. 

The fourth and fifth Iris feemed of a bluifh g reen 
within, and red without, but fo faintly that it was dif- 
ficult to dilcern the Colours. 



O B S. III. 

Meafuring the Diameters of thefe Rings upon the 
Chart as accurately as I could, I found them alfo in 
the fame proportion to one another with the Rings 
made by Light tranfmitted through the two Objedt- 
Glafles. For the Diameters of the four firft of the 
bright Rings meafured between the brighteft parts of 
their orbits, at the diftance of fix Feet from the Specu- 
lum were i JJ, a|, aJL 3! Inches, whole fquares are in 
arithmetical progreffion of the numbers 1, a, 5, 4, If 
the white circular Spot in the middle be reckoned 
amongft the Rings, and its central Light , where it 
feems to be mod; luminous, be put equipollent to an 
infinitely little Ring ; the fquares of the Diameters of the 
Rings will be in the progreffion o, 1, a, 3,^4, \$c. I 
meafured alfo the Diameters of the dark Circles be* 
tween thefe luminous ones, and found their fquares 
in the progreffion of the numbers a*, >i, 
the Diameters of the firft four at the diftance oi fix feet 
from the Speculum, being x L, 2-*, 3-, Inches. If 

the diftance of the Chart from the Speculum was in- 

created 
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, A or diminiffied, the Diameters of the Circles were 
fnfriid or diminilhed proportionally. 

O B S. IV. 

Hv the analogy between thefe Rings and thole de- 
Orfbed in theObfervations of the firft Part of this Book, 
ffufpetted that there were many more of them which 
b read into one another, and by interfering mixed their 

Colours and diluted one another fo that they could 
f i, e feen apart. I viewed them therefore through a 
pTS as I kid thofe in the H th Observation of the 
firft Part of this Book. And when the Prtfm Was fo 
placed as by refrafting the Light of their mixed Co- 
Us to feparate theffi° and diftinguilh the Rings from 
one another, as it did thofe in that Oblervation, I could 
then fee them diftintler than before, and eahly num- 
ber eight or nine of them, and fometimes twelve or 
thirteen. And had not their Light been io veiy amt, 

I queftion not but that I might have feen many more. 

Ian - ■ O B S. V. 

Placing a Prifm at the Window to refraft the intro- 
mitted beam of Light, and caft the oblong Spectrum 
of Colours on the Speculum : I covered the Speculum 
with a black Paper which had in the middle of it a Hole 
to let any one ot the. Colours pais through to the Spe- 
culum, whilft the reft were intercepted, by the Paper. 
And now I found Rings of that Colour oni^ which fell 
upon the Speculum. If the Speculum was illuminated 
with red the Rings were totally red with dark inter- 

N n 2 vals, 
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vals, if with blue they were totally blue, and fo 0 fti 
other Colours. And when they were illuminated w'rh 
any one Colour, the Squares of their Diameters me 
Cured between their moft luminous parts, were in t\' 
arithmetical progreffion of the numbers o, i ? a ^ * a ^ 
the Squares of the Diameters of their dark intervals ' 
the progreffion of the intermediate numbers t il } ^ 
But if the Colour was varied they varied their^w' 
tude. In the red they were largeft, in the indico and 
violet lead, and in the intermediate Colours yellow 
green and blue ; they were of leveral intermediate big 5 
neffes anfwering to the Colour, that is, greater in y e ] 
low than in green, and greater in green than in blue 
And hence I knew that when the Speculum was illuini- 
nated with white Light, the red and yellow on the out. 
lide of the Rings were produced by the leaft refrangible 
rays, and the blue and violet by the moft refrangible, 
and that the Colours of each Ring fpread into the Co- 
lours of the neighbouring Rings on either fide, after 
the manner explained in the fir ft and fecond Part of this 
Book, and by mixing diluted one another fo that they 
could not be diftinguifhed, unlels near the center where 
they were leaft mixed. For in this Obfervation 1 could 
fee the Rings more diftin£tly, and to a greater number 
than before, being able in the yellow Light to number 
eight or nine of them, beftdes a faint fhadow of a tenth, 
To fatisfy my lelf how much the Colours of the feveral 
Rings fpread into one another, I meafured the Diame- 
ters of the fecond and third Rings , and found them 
when made by the confine of the red and orange to be 
the fame Diameters when made by the confine of blue 
and indico, as 9 to 8, or thereabouts. For it was hard 



j ermine this proportion accurately. Alfo the Cir— 
*1 Mnade lucceflfvely by the red, yellow and green,, 
Offered more from one another than thole made faccei- 
? afbv the green, blue and indico. For the Circle 
bv the violet was too dark to be feen. To carry 
m „ the computation, Let us therefore luppole that the 
Inferences of the Diameters of the Circles made by the 

tmo ft red, the confine of red and orange, the confine 
of orange and yellow, the confine ot yellow and green, 
tl e conhne of green and blue, the confine of blue and 
"dice, the confine of indico and violet, and outmoft vie 
et are in proportion as the differences of the lengths 
of ’a Monochord which found the tones in an Eight; 
H. /a, K that is, as the numbers 

{ I L i Y i m And if the Diameter of the Circle made 
by the confine of red and orange be 9 A, and that of 
the Circle made by the confine of blue and indico be 
8 A as above, their difference 9 A - — 8 A will be to 
the difference of the Diameters of the Circles made by 
the outmoft red, and by the confine of red and orange, 
as i 8 + f a -P i». + iy to % that is as to ? or 8 to 3, and to 
the difference of the Circles made by the outmoft violet, 
and by the confine of blue and indico, as U *b ** + i» + >> 
to i, -i that is, as L to or as 16 to 5. And there- 
fore thefe differences will be t A and t« A. Add the 
jftft to 9 A and fubduft the laft from 8 A, and you 
will have the Diameters of the Circles made by the 
leaft and moft refrangible rays % l A and £H A. Thefe 
Diameters are therefore to one another as 7 5 to 6 1| or 
50 to 41, and their Squares as 2500 to 1681, that is, 
as 5 to 2 very nearly. Which proportion differs not 
much from the proportion of the Diameters of the- 
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Circles made by the outmoft red and outmoft violet * 
the 1 3 th Obfervation of the hr ft part of this Book. ^ l ° 

OBS. VI. 

Placing my Eye where thefe Rings appeared jjlaineft 
I law the Speculum tinged all over with waves ofC 0 ’ 
lours ( red, yellow, green, blue ; ) like thofe which in 
the Oblervations of the firft Part of this Book appeal 
between the Objeft-Glaffes and upon Bubbles of Water 
but much larger. And after the manner of thofe, thev 
were of various magnitudes in various portions of the 
Eye, fwelling and lhrinking as I moved my Eye this 
way and that way. They were formed like Arcs of 
concentfick Circles as thole were, and when my Eye 
was over againft the center of the concavity of the Spe- 
culum (that is, 5 Feet and 1 o Inches diftance from the 
Speculum) their common center was in a right Line 
with that center of concavity, and with the Hole in the 
Window. But in other pofturcs of my Eye their center 
had other portions. They appeared by the Light of 
the Clouds propagated to the' Speculum through the 
Hole in the Window, and when the Sim fhone through 
that Hole upon the Speculum, his Light upon it was 
of the Colour of the Ring whereon it fell, but by its 
iplendor oblciued the Rings made by the Light of the 
Clouds, unlefs when the Speculum was removed to a 
great diftance from the Window, fo that his Light upon 
it might be broad and faint. By varying the politico of 
my Eye, and moving it nearer to or farther from the 
direct beam of the Sun’s Light, the Colour of the Suns 
relieved Light conftantly varied upon the Speculum, 
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. . UDO n my Eye, the fame Colour always ap- 

85 lt 'nu to a By-ftander upon my Eye which to me ap- 
upon tie Speculum. And thence I knew that 
S Rdn® ofColouis upon the Chart were made by thefe- 
lari Colours propagated thither from the bpecu- 
l in leveral Angles, and that then; pioduajon de- 
pended not upon the termination of Light and Shad 

dow. 

OBS. VII. 

By the Analogy of all thefe Phenomena with thofe of 
the like Rings of Colours defenbed in the firft rait of 
this Book, it feemed to me that thefe Colours weie 

produced by this thick plate of Glals, much after the 

manner that thofe were produced by very thin 
plates. For, upon tryal, I found that if the Quick- 
Ever were rubbed off from the back-fide ot the Specu- 
lum, the Glals alone would caufe the fame Rings of 
Colours, but much more faint than before ; and there- 
fore the Phenomenon depends not upon the Quick- 
filver, unlefs fo far as the Quick-filver by/the increafmg 
the reflexion of the back-lide of the Glals increaies the 
Light of the Rings of Colours. I found alio that a Spe- 
culum of metal without Glals made fome years fince 
for optical ules, and very well wrought, produced none 
of thofe Rings; and thence I underftood that thefe 
Rings arile not from one fpecular furface alone , but 
depend upon the two furfaees of the plate of Glafs where- 
of the Speculum was made, and upon the thicknefs of 
the Glals between them. For as in the 7th and 1 9th 
Oblervations of the firft Part of this Book a thin plate 

of 
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■of Air, Water, or Glafs of an even thlcknefs appea a 
of one Colour when the rays were perpendicular to ’ 
of another when they were a little oblique, ofanotfi 
when more oblique, of another when dill more oblin Cl 
and fo on ; fo here, in the fixth Obfervation, the Lid 0 ’ 
which emerged out of the Glafs in feveral obliquhij 
made the Glafs appear of leveral Colours, and beiiS 
propagated in thole obliquities to the Chart, there mi ° 
ted Rings of thole Colours. And as the reafon w j lv * 
thin plate appeared of feveral Colours in feveral obli 
quities of the rays, was, that the rays of one and the fame 
fort are reflected by the thin plate at one obliquity and 
tranfmitted at another, and thofe of other forts tranf 
mitted where thefe are reflected, and reflected where 
thefe are tranfmitted : So the reafon why the thick 
plate of Glafs whereof the Speculum was made did ap- 
pear of various Colours in various obliquities, and in 
thofe obliquities propagated thofe Colours to the Chart 
was, that the rays of one and the fame l'ort did at one 
obliquity emerge out of the Glals, at another did not 
emerge but were refle&ed back towards the Quicksil- 
ver by the hither furface of the Glafs, and accordingly 
as the obliquity became greater and greater emerged 
and were relied! ed alternately for many lucceffions, and 
that in one and the fame obliquity the rays of one lort 
were refle&ed, and thofe of another tranfmitted. This 
is manifeA by the firii: Obfervation of this Book : For 
in that Obfervation, when the Speculum was illumi- 
nated by any one of the prilmatick Colours, that Light 
made many Rings of the fame Colour upon the Chart 
with, dark intervals, and therefore at its emergence out 
-of the Speculum was alternately tranfmitted, and not 

traaf- 



[97] 

SX .1* Colour »ll 00 .Jo s,«». 
t® L the Prifm was varied, the Rings became ot 
^Colour caft on it, and varied their bignefs with their 
flour, and therefore the Light was now alternately 
tranfmitted and not tranfmitted from the Speculum to 
the Lent at other obliquities than betore. It teemed to 
me therefore that thefe Rings were of one and the fame 
oriainal with thofe of thin plates, but yet with this 
difference that thofe of thin plates are made by the al- 
ternate reflexions and tranfmiffions of the rays at the 
fecond- furface of the plate after one patfage through it : 
But here the rays go twice through the plate before 
they arc alternately reflected and tranimitted , hid, 
they g4 through it from the fil'd furface to the Quick- 
diver, and then return through it from the Quick-diver 
to the fird furface, and there are either tranimitted to 
the Chart or reflected back to the Quick-diver, ac- 
cordingly as they are in their dts of eade reflexion or 
tranfmiflion when they arrive at that furface. For the 
intervals of the dts of the rays which fall perpendicu- 
larly on the Speculum, and are reflected back in the 
fame perpendicular Lines, by reafon of the equality of 
thefe Angles and Lines, are of the fame length and num- 
ber within the Glafs after reflexion as before by the 
1 9th Propodtion of the third Part of this Book. And 
therefore dnee all the rays that enter through the dr A 
furface are 111 their dts of eafy tranfmiflion at their en- 
trance, and as many of thefe as are reflected by the fe- 
cond are in their dts of eafy reflexion there, all thele 
muft be again in their dts of eafy tranfmiflion at their 

O 0 return 
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return to the firft, and by eonfequence there o 0 om 
the Glafs _ to the Chart, and form upon it the wh’°! 
Spot of Light in the center of the Rings. For the ^ 
fon holds good in all forts of rays , and therefore^! 
forts jnuft go out promifcuoufly to that Spot, and b 
their mixture eaufe it to be white. But the ^ 



intervals 



of the fits of thofe rays which are refle&ed more ob 
liquely than they enter, mull be greater after reflexion 
than before by the 15 th and 20th Prop. And thence 
it may happen that the rays at their return to the fi r f t 
lurface, may in certain obliquities be in fits of eafy re , 
flexion, and return back to the Quick-filver, and i u 
other intermediate obliquities be again in fits of eafy 
tranfmiflion, and fo go out to the Chart, and paint on 
it the Rings of Colours about the white Spot. And 
becaufe the intervals of the fits at equal obliquities are 
greater and fewer in the lels refrangible rays, and lefs 
and more numerous in the more refrangible, therefore 
the lels refrangible at equal obliquities lhall make fewer 
Rings than the more refrangible, and the Rings made 
by thole lhall be larger than the like number of Rings 
made by thefe ; that is, the red Rings lhall be larger 
than the yellow, the yellow than the green, the green 
than the blue, and the blue than the violet, as they 
were really found to be in the 5th Obfervation. And 
therefore the firft Ring of all Colours incompaffing the 
white Spot of Light lhall be red without and violet 
within, and yellow, and green, and blue in the middle, 
as it was found in the fecond Oblervation; and thele 
Colours in the lecond Ring-) and thofe that follow lhall 
be more expanded till they fpread into one another, 

and blend one another by interfering. _ „ 

Thefe 
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Thefe feem to be the reafons ot thefe Rings m ge- 
i and this put me upon obferving the thickne s o 
’f "fil l and confidering whether the dimensions and 
* lortfois of the Rings may be truly derived from it 

by computation. 

o B S. VIII. 

I meafured therefore the thicknefs of this concavo- 
convex plate of Glafs, and found it cvery-where . of an 
Inch precifely- Now, by the 6th Oblervation ot the 
L it Rut of this Book, a thin plate ot Air tranfmits the 
b Lhteft Light of the firft Ring, that is the bright yel- 
S when its thickners is the s ^th part ot an Inch, 
and’bv the i oth Oblervation of the lame part, a thin 
plate ofGlafs tranfmits the lameLight of the fame Ring 
when its thicknefs is lefs in proportion of the fine ol 
refraftion to the fine of incidence, that is, when its 
thicknefs is the ,-^th or part of an Inch lup- 

p 0 fii>a the fines are as n to 17. And if this thicknefs 
be doubled it tranfmits the fame bright Light of the 
lecond Ring, if tripled it tranfmits that ot the third, 
and foon, the bright yellow Light in all thefe cafes be- 
ing in its fits of tranfmiflion. And therefore if its thick- 
nefs be multiplied 34386 times fo as to become \ of an 
Inch it tranfmits the fame bright Light of the 34386th 
Ring. Suppofe this be the bright yellow Light tranl'- 
mitted perpendicularly from the reflecting convex fide 
of the Glafs through the concave fide to the white Spot 
in the center of the Rings of Colours on the Chart : And 
by a rule in the feventh Oblervation in the firft Part of 
the firft Book, and by the 15th and 20th Propofitions 
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of the third Part of this Book, if the rays be niade u 
li^ue to the Glafs, the thicknefs of the Gk£ reQ ’ 
fite to tranlmit the lame bright Light of the time " 

in any obliquity is to this thicknefs of J of an I-nch ® 
the fecant of an Angle whole line is the firft of an 
dred and fix arithmetical means between the fi nes ^ 
incidence and refraction, counted from the line of i n ° 
dence when the refraction is made out of any plated 
dy into any medium incompaffing it, that is, in this cafe 
out ol Glafs into Air, Now if the thicknefs of the Glaf 
be increafed by degrees, lb as to bear to its fir ft thick nef 
( viz. that of a quarter of an Inch ) the proportions 
which 34386 (the number of fits of the perpendicular 
rays in going through the Glafs towards the white Spot 
in the center of the Rings,) hath to 34385, 3^84 
34383 and 343 8a (the numbers of theiits of the oblique 
rays in going through the Glafs towards the firft, f e , 
cond, third and fourth Rings of Colours,) and if the 
firft thicknefs be divided into 100000000 equal parts 
the increaled thicknefies will be 100002908, 100005816, 
100008725 and ioooh 6$3 ? and the Angles of which thefe 
thicknefies are fecants will be 26' 13 ", 37' 5", ^ 6" and 
5 a' a 6'', the Radius being 100000000 ; and the fines of 
thefe Angles are 76a, 1079, 1311 and 1525, and the 
proportional lines ofrefra&ion 117a, 1659, 2031 and 
2345, the Radius being 100000. For lince the lines 
of incidence out of Glafs into Air are to the lines 
of refraction as 1 1 to 1 7, and to the above-mentioned 
fecants as 1 1 to the firft of 1 06 arithmetical means 
between n and 17, that is as 11 to iiJj, thofe fe- 
cants will be to the fines of refraction as 1 i?- tf to 17, 
and by this Analogy will give thefe fines. So then 

if 
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- , _ rtMimiifies of the rays to the concave turface o t 
i( . th ^ be inch that the fines of their refraaion in 
th fline out of the Glafs through that lurface into the 
r ^0 7116.9, 7031, 7345, the bright Light ol 
the 34386th Ring (ball emerge at the thicknefies or the 
Glafs which are to X of an inch as 34386 to 343 b 5 > 
o, 24.282 24282, refpe&ively. And therefore it 
the^ thicknefs in all thefe cafes be-' of an Inch (as it is in 
fhe Glafs of which the Speculum was made) the bright 
Light of the 34385 th Ring fhaU emerge where the : hue 
ofrefradfionis 1 1 72, and that ot the 343 84th, 3 84^ a 3th 
and 34382th Ring where the fine is 1659, 2031, and 
relpcaiveiy. And in thefe Angles of refraftion 
the Light of thefe Rings fiiall be propagated from the 
Speculum to the Chart, and there paint Rings about the 
white central round Spot of Light which we laid was 
the Light of the 34386th Ring. And the Semidiame- 
ters of thefe Rings fhalllubtend the Angles of refraaion 
made at the concave lurface of the Speculum, and by 
confequence their Diameters (hall be to the diftance of 
the Chart from the Speculum as thofe fines of refraction 
doubled are to the Radius that is as 1 * 659? * < - ) 3 

and 2345, doubled are to 100000. And therefore if 
the diftance of the Chart from the concave furface of 
the Speculum be fix Feet (as it was in the third of thele 
Obfervations) the Diameters of the Rings of this bright 
yellow Light upon the Chart (hall be F688, 2^8 q v 
2 ’9 2 5> 3’37 5 Inches : For thefe Diameters are to 6 Feet 
as the above-mentioned fines doubled are to the Radius. 
Now thefe Diameters of the bright yellow Rings, thus 
found by computation are the very fame with thofe 
found in the third of thefe Obfervations by raeafuring 

them* 
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rhein^ f viz. with ig, a?, ig, and ^Inches, andt-u. 
tore the 1 heory of deriving thefe Rings from the t\ 
nets of the plate of Glals of which the Speculum ^ 
made, and from the obliquity of the emerging ravs ™ Was 
with the Obfervation. In this computation I | lCes 
equalled the Diameters of the bright Rings im<Uu 
.Light of all Colours, to the Diameters of the Ri l 
made by the bright yellow. For this yellow makes tP 
brighteft part of the Rings of all Colours. If you defi ne 
the Diameters of the Rings made by the Light of ^ 
other unmixed Colour, you may find them readily )/ 
putting t hem to the Diameters of the bright yellow one; 
in a fubduplicate proportion of the intervals of the fits 
of the rays of thofe Colours when equally inclined to 
the retracing or reflecting furfaee which caufed thofe 
tits, that is, by putting the Diameters of the Rings made 
by the rays in the extremities and limits of the feven 
Colours, red, orange, yellow, green, blue, indico, violet 
proportional the Cube-roots of the numbers, i i f j’ 
{■> o * 6 > it which exprefs the lengths of a Monochard 
founding the notes in an Eight : For by this means the 
Diameter of the Rings of thefe Colours will be found 
pretty nearly in the lame proportion to one another, 
which they ought to have by the fifth of thefe Obfer- 
vations. 

And thus 1 iatisfied my felf that thefe Rings were of 
the fame kind and original with thofe of thin plates, 
and by confequence that the fits or alternate difpofi- 
tions of the rays to be reflected! and tranfmitted are pro 
pagated to great diftanees from every reflecting and re- 
trading furface. But yet to put the matter out of doubt 
I added the following Obfervation. 

OBS. 
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OBS. IX. 

if thefe Rings thus depend on the thickneis ot the plate 
nf Glals their Diameters at equal diftanees from feveral 
Soeculums made of fuch concavo-convex plates ot Glals 
afire ground on the fame Sphere, ought to be reemro- 
filv in a fubduplicate proportion ot the tlncknefles of 
the (dates of Glals. And if this proportion be found 
true by experience it will urnount to *t demon it rstioii 
rhat t hefe Rings ( like thofe formed in thin plates ) do 
depend on the thicknels of the Glafs. I procured there- 
fore another concavo-convex plate of Glals ground on 
both fides to the fame Sphere with the former plate : 
Its thicknefs was l parts of an Inch ; and the Diameters 
of the three firft bright Rings meafured between the 
brighteft parts of their orbits at the diftance of 6 Feet 
from the Glafs were 3 . 4$. & Inches. Now the thick- 
nels of the other Glafs being of an Inch was to thick- 
nels of this Glafs asjtofc* that is as_ 51 to 10, or 
^ 1 0000000 to ioooooooc^ and the roots of thefe numbers 
are 17607 and 10000, & in the proportion of the firft 
of thefe roots to the fecond are the^ Diameters of the 
bright Rings made in this Obfervation by the thinner 
Glafs, 3. 4|. 5! to the Diameters of the fame Rings made 
in the third of thefe Obfervations by the thicker Glafs 
i|i. afl, that is, the Diameters of the Rings are reci- 
procally in a fubduplicate proportion of thicknefles of 
the plates of Glafs. 

So then in plates of Glafs which are alike concave on 
one fide, and alike convex on the other fide, and alike 
quick-filvered on the convex fides, and differ in nothing 
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but their thicknefs, the Diameters of the Rings ;i lt 
ciprocally in a fubduplicate proportion of the thickrelT^ 
of the plates. And this fhews fufficiently that the Rj f 
depend on both the furfaces of the Glafs. They ? s 
pend on the convex furfaefe becaufe they are more 
minous when that furface is quick-filvered over tha*" 
when it is without Quick-lilver. They depend air 
upon the concave furface, becaufe without that furfa ° 
a Speculum makes them not. They depend on both 
furfaces and on the diftances between them , becaiif! 
their bignefs is varied by varying only that diftance 
And this dependance is of the fame kind with that 
which the Colours of thin plates have on the diftance 
•of the furfaces of thofe plates , becaufe the bignels 
of the Rings and their proportion to one another 
and the variation of their bignefs arifing from the varia- 
tion of the thicknefs of the Glafs, and the orders of 
their Colours, is fuch as ought to relult from the Propo, 
htions in the end of the third Part of this Book, derived 
from the the Phsenomena of the Colours of thin plates 
fet down in the firft Part. 

There are yet other Phenomena of thefe Rings of 
Colours but fuch as follow from the fame Proportions 
and therefore confirm both the truth of thofe Propor- 
tions, and the Analogy between thefe Rings and the 
Rings of Colours made by very thin plates. I (hall 
fubjoyn fome of them. 
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O B S. X. 

When the beam of the Sun’s Light was reflected back 
fmm the Speculum not direaiy to the Hole in the Win- 
dow but to a place a little diftant from it, the common 
center of that Spot, and of all the Rings of Colours tell 
in the middle way between the beam of the incident 
Light, and the beam of the reflected Light, and by 
confluence in the center of the lpherical concavity of 
the Speculum, whenever the Chart on which the Rings 
of Colours fell was placed at that center. And as the 
beam of reflected Light by inclining the Speculum re- 
ceded more and more from the beam of incident Light 
and from the common center of the coloured Rings be- 
tween them, thofe Rings grew bigger and bigger, and 
fo alfo did the white round Spot, and new Rings of Co- 
lours emerged fucceflively out of their common center, 
and the white Spot became a white Ring encompaffing 
them ; and the incident and reflected beams of Light 
always fell upon the oppofite parts of this Ring, illumi- 
nating its perimeter like two mock Suns in the oppofite 
parts of an Iris. So then the Diameter of this Ring, 
meafured from the middle of its Light on one fide to 
the middle of its Light on the other fide, was always 
equal to the diftance between the middle of the incident 
beam of Light, and the middle of the reflected beam 
meafured at the Chart on which the Rings appeared : 
And the rays which formed this Ring were reflected by 
the Speculum in Angles equal to their Angles of inci- 
dence, and by conlequence to their Angles of refraction 
at their entrance into the Glafs, but yet" their Angles of 
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reflexion were not in the fame planes with their An 1 
of incidence. & es 

OBS. XI. 

The Colours of the new Rings were in a contra 
order to thofe of the former, and arofe after, this 
ner. The white round Spot of Light in the middle of 
tiie Rings continued white to the center till the diftance 
ot the incident ond reheated beams at the chart was 
about | parts of an Inch, and then it began to ^ row 
dark in the middle. And when that diftance was about 

compa fling a dark round Spot which in the middfe "in- 
clined to violet and indico. And the luminous Rings 
incompafling it were grown equal to thofe dark ones 
which in the four firft Obfervations encompafled them 
that is to fay, the white Spot was grown a white Ring 
equal to the firft of thofe dark Rings, and the hrft of 
thofe luminous Rings was now grown equal to the fe- 
cond of thofe dark ones, and the fecond of thofe lumi- 
nous ones to the third of thofe dark ones, and fo on, 
For the Diameters of the luminous Rings were now V- 
2j, 3^3, p*. Inches. 

When the diftance between the incident and refle&ed 
beams of Light became a little bigger, there emerged 
out of the middle of the dark Spot after the indico a 
blue, and then out of that blue a pale green, and foon. 
after a yellow and red. And when the Colour at the 
center was brighteft, being between yellow and red, 
the bright Rings were grown equal to thofe Rings which 
in the four firft Obfervations next encompafled them; 




SIR ISAAC NEWTON Optkks LONDON, 1704 



[107] 

■ f w Ae white Spot in the middle ot thole 

sT* was liow become a white Ring equal to the firft 

R f thoSht Rings, and the firft of thofe bright ones 
ot thoie Dr a & > . t0 the f econ d ot thole, and lo 

the Diameters of the White Rings, and of the 
other luminous Rings incompafling it, were now !■<, 
, } iii , si, or thereabouts. . , . 

When the diftance of the two beams ot Lig 
Chart was a little more inci^afed, there emerge ou 
of the middle in order after the red, a purple, a blue, 
jir V een, a yellow, and a red inclining much to purple, 
aI Td when the Colour was brighteft bang between yel- 
low and red, the former indico, blue, green yellow and 
red, were become an Iris or Ring ot Golouis equa 
to the fil'ft of thofe luminous Rings which appeared m 
the four firft Obfervations, and the white Ring which 
was now become the fecond of the luminous Rings was 
grown equal to the lecond of thole, and the firft ^ ot 
thofe which was now become the third Ring was be- 
come the third of thofe, and fo on. tor their Dia me- 
ters were i ^ ? ? Inches^ the diftnnee of the 

two beams of Light, and the Diameter of the white 
Ring being Inches. 

When thefe two beams became more diftant there 
emerged out of the middle of the purplifti red, hrft a 
darker round Spot, and then out of the middle ot that 
Spot a brighter. And now the former Colours (purple, 
blue, green, yellow, and purplifti red) were become a 
Ring equal to the firft of the bright Rings mentioned in 
the four firft Obfervations , and the Ring about this 
Ring were grown equal to the Rings about that re- 
ipeftively ; the diftance between the two beams ot 

P p 2 Light 
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Light- and the Diameter of the white RW / 
was now become the third Ring ) being about 

The Colours of the Rings in the middle begat 

to grow very dilute, and if the diftance hew " ^ 

two beams was increafed half an Inch, or an Inch the 

they vanilhed whilft the white Ring, with one or?*’ 

ot the Rings next it on either fide, continued hill'* 0 

hble. But if the diftance of the two beams of U ’ 

was ftill more increaled thefe alfo vanifhed : F 0 • i 

Light which coming from feveral parts of the R \ • 
th* r n n ... , 1 .L petiole, 



n- 



the \V indow fell upon the Speculum in feveral An«K "!• 
incidence made Rings of leveral bigneffes, which <fi 1° 
and blotted out one another, as I knew by intern-™ d 
lome part of that Light. For if I intercepted that™? 
which was neareft to the Axis of the Speculum ’T 
Rings would be lefs, if the other part which was rt 
moteft from it they would be bigger. 



OBS. XIL 



"VVhen the Colours of the Prifm were caft fucceffivelv 
on the Speculum, that Ring which in the two laft Ob- 
lervations was white, was of the fame bignefsinall the 
Colours, but the Rings without it were greater in the 
green than in the blue, and ftill greater in the yellow 
and greateft in the red. And, on the contrary, the 
Kings within that white Circle were lefs in the careen 
than in the blue, and ftill lefs in the yellow, and leaft 
m the red. For the Angles of reflexion ofthoferays 
which made tnis Ring being equal to their Angles of 
incidence, the fits of every refleded ray within the Glafs 

after 
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fter reflexion are equal in length and number to the 
f if the fame ray within theGlais before its incidence 
" the refleding lnrface ; and therefore fmee all the rays 
0 f,n forts at their entrance into the Glafs were in a lit 
J tranfmiffion, they were alfo in a fit of trail! million at 
their returning to the fame furface after reflexion ; and 
} v c onfequence were tranfmitted and went out to the 
v 4ite Ring on the Chart. This is the reafon why that 
Ring was of the fame bignefs in all the Colours, and 
why in a mixture of all it appears white. But in rays 
which are refleded in other Angles, the intervals of the 
jits of the leaft refrangible being greateft, make the 
Rings of their Colour in their progreis from this white 
Ring, either outwards or inwards, increafe or decreafe 
by the greateft fteps ; fo that the Rings of this Colour 
without are greateft, and within leaft. And this is the 
reafon why in the laft Obfervation, when the Specu- 
lum was illuminated with white Light, the exterior 
Rings made by all Colours appeared red without and 



within. 

Thefe are the Phenomena of thick convexo-concave 
plates of Glafs, which are every where of the fame 
thi chiefs . There are yet other Phenomena when thefe 
plates are a little thicker on one fide than on the 
other, and others when the plates are more or lefs con- 
cave than convex, or plano-convex, or double- con vex. 
For in all thefe cafes the plates make Rings of Colours, 
but after various manners ; all which, fo far as l have 
yet oblerved, follow from the Proportions in the end 
of the third part of this Book, and fo confpire to con- 
firm the truth of thofe Proportions. But the Pheno- 
mena. 
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menu are too various, and the Calculations wh 
they follow from thofe Propofitions too intricate tl 
here pro (ecu ted. 1 content my felf with having n° f 
cuted this kind of Phenomena io far as to difcover lu • 
caufe, and by difcovering it to ratify the PronnHc e)1 
in the third Part of this Book, 10lis 

O B S. XIII, 

As Light reflected by a Lens quicksilvered on tb 
back-fiie makes the Rings of Colours above <j e 
icribed, fo it ought to make the like Rings of Golov- 
in pafting through a drop of Water. At "the firft rc ' 
flexion of the rays within the drop, fome Colours ought 
to be tran fmitted, as in the cafe of a Lens, and others 
to be reflected back to the Eye. For inftance, if the 
Diameter of a fmall drop or globule of Water be about 
the 500th part of an Inch, fo that a red-making ray in 
palling through the middle of this globule has 2 50' tits 
ofealy tranfmiffion within the globule, and that all the 
red -making rays which are at a certain diftance from 
this middle ray round about it have 24.9 fits within the 
globule, and all the like rays at a certain further di- 
fiance round about it have a 4.8 fits, and all thole at a 
certain further di fiance 14.7 fits, and fo on ; theft con- 
centrick Circles of rays after their tranfmiffion, filling 
on a white Paper, will make concentrick rings of red 
upon the Paper , fuppofing die Light which pafles 
through one bugle globule firong enough to be lenfibk. 
And, in like manner, the rays of other Colours will 
make Rings of other Colours. Suppofe now that in a 
fair day the Sun Ihines through a thin Cloud of iuch 
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, huk3 of Water or Hail, and that the globules are all 
ft f im e bignels,and the Sun feen through this Cloud 
^ appear iifcompaffed with the like concentnek Rings 
S, and the Diameter of the hrft Ring of red 
rfbe vi degrees, that of the fecond to!- degrees, that 

f. he third 1 a degrees xx minutes. And accoidingly 
fthe globules of Water are bigger or lefs, the Rings 
llvill be lefs or bigger. This is theTheoiy, and expe- 
rience anfwers it. "'For in Jate 169s. I law by reflexion 
„ a Veflel of ttagnating Water three Halos Crowns or 
Rings of Colours about the Sun, like three little Rain- 
bows, concentrick to his Body. The Colours of the 
firft or innermoft Crown were blue next the Sun, red 
without, and white in the middle between the blue 
and red. Thofe of the fecond Crown were purple and 
blue within, and pale red without, and green in the 
middle. And thofe of the third were pale blue with- 
in, and pale red without ; tilde Crowns inclofed one 
another immediately, io that their Colours proceeded 
in this continual order from the Sun outward : blue, 
white, red ; purple, blue, green, pale yellow and red ; 
pale blue, pale red. The Diameter of the fecond Crown 
meafured from the middle of the yellow and red on one 
fide of the Sun, to the middle of the fame Colour on 
the other fide was 9] degrees, or thereabouts. The Dia- 
meters of the firft and third 1 had not time to meafure, 
but that of the firft feemed to be about five or fix de- 
grees, and that of the third about twelve. The like 
Crowns appear fometimes about the Moon ; for in the 
beginning of the year 1664., F ebr. 19th at night, 1 taw 
two fuch Crowns about her. The Diameter of the firft 
ot innermoft was about three degrees, and that of the 

fecond 
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lecond about live degrees and an half. Next ah™ 
Moon was a Circle of white, and next about that ^ 
inner Crown which was of a bluifh green within ne*M 
white, and of a yellow and red without, and next ah 
thefe Colours were blue and green on the infide 0 r °i Ut 
outward Crown, and red on the outlide of it, j 
lame time there appeared a Halo about 77 degrees^ 
diihmt from the center of the Moon. It was Elliptj ? ? 
and its long Diameter was perpendicular to theHoT 
verging below fartheft from the Moon. I am told th°t 
the Moon has fometimes three or more concentric! 
Crowns ofColours incompafling one another next about 
her Body. The more equal the globules of Water or 
Ice are to one another, the more Crowns of Colours 
will appear, and the Colours will be the more lively* 
The Halo at the diftance of 77 ~ degrees from the Moon 
is of another fort. By its being oval and remoter from 
the Moon below than above, 1 conclude, that it was 
made by reffa&ion in fome fort of Hail or Snow floating 
in the Air iri an horizontal Pofture, the refracting Audf 
being about 58 or 60 degrees. 
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OPTICKS- 



Observations concerning the Inflexions of the rays of Light , 
and the Colours made thereby. 

G Rimaldo has informed us, that if a beam of the 
Sun’s Light be let into a dark Room through a 
very fmall Hole, the lhadows of things in this Light 
will be larger than they ought to be if the rays went 
on by the Bodies in freight Lines, and that thele lha- 
dows have three parallel fringes, bands or ranks of co- 
loured Light adjacent to them. But if the Hole be 
enlarged the fringes grow broad and run into one ano- 
ther, fo that they cannot be diftinguilhed. Thefe broad 
lhadows and hinges have been reckoned by foine to pro- 
ceed from the ordinary refraction of the Air, but with- 
out due examination of the matter. For the circum- 
ftances of the Phenomenon, fo far as I have oblerved 
them, arc as follows. 

Q q O B S. 
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O B S. I. i 

I made in a piece of Lead a fmall Hole with p- 
whofe breadth was the 4.0th part of an Inch. / y 
of thofe Pins laid together took up the breadth ofn'- 
an Inch. Through this Hole I let into my darken! 
Chamber a beam of the Suns Light, and found thiV? 
Iliad ows of H airs, Thred, Pins, Straws, and fuchlike d 
deifub dances placed in this bga in of Light, were cont£ 
ably broader than they ought to be, if the rays of Lhi ' 
pailed on by thefe Bodies in right Lines. And parte 
larly a Hair ot a Man’s Head, whole breadth was b 
the 180th part of an Inch, being held in thisLi% a r 
the diftance of about twelve Feet from the Hole did 
caft a fhadow which at the di ftance of four Inches Vojn 
the Hair was the fixtieth part of an Inch broad, that is 
above four times broader than the Hair, and at the di- 
ftance of two Feet from the Hair was about thi eight 
and twentieth part of an Inch broad, that is, ten times 
broader than the Hair, and at the diftance often Feet 
was the eighth part of an Inch broad, that is 55 time? 
broader. 

Nor is it material whether the Hair be ihconpalfed 
with Air, or with any other pellucid fubftance. Fori 
wetted a polifhed plate of Glafs, and laid the Hair in 
the Water upon the Glafs, and then laying another p 
Kfhed plate of Glafs upon it, fo that the Water might 
till up the fpace between the Gluftes, I held them in 
the aforefaid beam of Light, ib that the Light might 
pafs through them perpendicularly, and the fhadow 
of the Hair was at the lame diftances as big as before. 

Ike 
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TIP flu do ws of fcratches made in polifhed plates of 
r 1 were a lfo much ■ broader than they ought to be, 
ItdmVein in policed plates of Glafs did alio call he 
f-ffhoul flTadows. And therefore the great breadth 
of thefe fhadows proceeds from feme other caule than 

''I. 'f T'circlVx reprefcnt the middle of the Hair ; Fig. 

ADG, BEH, CFI, three rays palling by one fide ol 

the Hair at feveral diftances; KNQ, LOR, M , 

three other rays palling bj the o Aer fide of the Ha r a 

the like diftances ; D, E, F and N, O, F,the places 
where the rays are bent in their paftage by the Ha.r ; 

G, H, 1 and Q, R, S, the places where the rays taft oil 
a p a per GQ; IS the breadth of the fhadow ot the Hair 
call on the Paper, and T I, V S, two rays paffing to the 
points I and S without bending when the Hair is taken 
away. And it’s manifeft that all the Light between 
thefe two rays A I and VS is bent in paffing by the 
Hair, and turned a tide from the fhadow IS, becaute ir 
any part of this Light were not bent it would tall 011 
the Paper within the fhadow, and there illuminate the 
Paper contrary to experience. And becauie when the 
Paper is at a great diftance from the Hair, the thadow 
is broad, and therefore the rays TI and VS are at a 
great diftance from one another, it follows _ that the 
flair aids upon the rays of Light at a good diftance in 
their pafting by it. But the action is ftrongeft on the 
rays which pals by at leaft diftances, and grow r s weaker 
and weaker accordingly as the rays pafs by at diftances 
greater and greater, as is represented in the Scheme : 

For thence it comes to pals, that the fhadow ot the 
Hair is much broader in proportion to the diftance ot 

Q. <4 2 the 









the Paper from the Hair, when the Paper is neap 
Hair than when it is at a great diftance from k * the 

° b s - it Jj** 

T h e ^daws °f aH Bodies ( Metals, Stones rt , 
Mood , Horn, Ice, be.) m this Light were 
with three parallel fringes or bands of coloured L?' 
whereof that which was contiguous to the 
bioadeft and moft luminous, and that which W;r 
motelf from it was narroweft, and lb faint, as not p rf* 

1 ° i ?*. V ' !i blc * ^ ^ as difficult to diftingui ft the Colon l 
un els when the Light fell very obliquely upon a fm l 

1 aper, or fome other fmooth white Body, fo as to Jh? 

< hem appear much broader than they would other™ T 
t o ‘ t ^ en the Colours were plainly viliblein thi! 
order : ] he firft or innermoft fringe was violet and deen 
■iiue next the fhadow, and then light blue, green J 
yellow m the middle, and red without. The fo 
ninge was almoft contiguous to the firft, and the third 
to the fecond and both were blue within and yellow 
and red vvithout, but their Colours were very hint 
efpecialjy thofe of the third. The Colours therefore 
proceeded in this order from the fhadow, violet, indico 
pale blue, green, yellow, red; blue, yellowed; pale 
blue pale yellow and red. The Ihadows made by 
ci a tones and bubbles in polifhed plates of Glafs were 
bordered with the like fringes of coloured Light. And 
it plates of Look mg-g lafsfloop’d off near the edges with 
a Diamond cut, be held in the lame beam of Light, the 
_ight which paffes through the parallel planes of the 
Gnats will be be bordered with the like fringes of Co- 
lours 
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lours where thole Planes meet with the Diamond cut, 

■md by this means there will fometimes appear four or ^ 
live fringes of Colours. Let AB, CD reprefent the Fig- 
parallel planes of a Looking-glafs, and BD the plane 
of the Diamond-cut, making at B a very obtufe Angle 
with the plane A B. And let all the Light between the 
rays EN I and FBM pals directly through the parallel 
planes of the Glafs, and fall upon the Paper between I 
and M, and all the Light between the rays GO and 
HD be reformed by the oblique plane of the Diamond 
cut B D,and tail upon the Paper betw een K and L ; and 
the Light which paffes directly through the parallel 
planes of the Glafs, and falls upon the Paper between 
I and M, will be bordered with three or mere fringes 
at M, 

O B S. III. 

When the Hair was twelve Feet diftant from the 
Hole, and its fhadow fell obliquely upon a fiat white 
fcale of Inches and parts of an Inch placed half a Foot 
beyond it, and alfo when the fhadow fell perpendicu- 
larly upon the fame fcale placed nine Feet beyond it; 

1 meafured the breadth of the fhadow and fringes as 
accurately as 1 could, and found them in parts of an 
Inch as follows. 
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Jit the dijlame of ^f & 

Foot. 



The breadth of the Shadow 



The breadth between the middles of the 
brighteft Light of the innermoft fringes 
on either fide the Iliad ow 



The breadth between the middles of the 
brighteft Light of the middlemoft frin- 
ges on either fide the fhadow 



The breadth between the middles of the 
brighteft Light of the outmoft fringes 
on either fide the Ihadow 



tin t 
ht 



W 



* or is 
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I he diftance between the middles of the 
brighteft Light of the firft and fecond' 
fringes 



The diftance between the middles of the 



brighteft Light of the fecond and third 



fringes 



1 he breadth of the luminous part (green, 
white, yellow and red ) of the firft 
fringe 



lhe breadth of the darker Ipace between 
the firft and fecond fringes. 



The breadth of the luminous part of the 
lecond fringe 



"I lie breadth ot the darker Ipace between 
the fecond and third fringes. 
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Theft matures I took by letting the flmetow of the 
H ,ir at half a Foot diftance fall lb obliquely on the 
fale as to appear twelve times broader than when it 
fcl perpendicularly on it at the fame diftance, and let- 
ting down in this Table the twelfth part ot the mea- 
lures I then took. 



When the fhadow and fringes were call: obliquely 
upon a fmooth white Body, and that Body was remo- 
ved further and further from the Hair, the firft fringe 
beaan to appear and look brighter than the reft of the 
LiSht at the diftance of lefs than a quarter of an Inch 
from the Hair, and the dark line or fhadow between 
that and the fecond fringe began to appear at a lels di- 
ftance from the Hair than that of the third part of an 
Inch. The fecond fringe began to appear at a diftance 
from the Hair of lels than half an Inch, and the Ihadow 
between that and the third fringe at a diftance lefs than 
an Inch, and the third fringe at a diftance lefs than three 
Inches. At greater diftances they became much more 
fenftble, but kept very nearly the fame proportion of 
their breadths and intervals which they had at their firft 
appearing. For the diftance between the middle of the 
firft and middle of the fecond fringe, was to the diftance 
between the middle of the fecond and middle of the 
third fringe, as three to two, or ten to feven. And 
the laft of thefe two diftances was equal to the breadth 
of the bright Light or luminous part of the firft fringe. 
And this breadth was to the breadth of the bright Light 
of the fecond fringe as feven to four, and to the dark 

interval 
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interval of the firft and fecond fringe as three * 
and to the like dark interval between the leco h ^ 0) 
third as two to one. For the breadths of the^ •• 
feemed to be in the progreffion of the numbers 
f/ \ and their intervals to be in the fame pro^P 1 
with them ; that is, the fringes and their intern I 1011 
gether to be in the continual progreffion of the m. J to ' 
*> O' O, or thereabouts. And S" 
portions held the lame very nearly at all difta UCK tv 0 ' 
the Hair ; the dark Intervals of the fringes beino° m 
broad in proportion to the fringes at their firft aon 
ranee as afterwards at great diftances from the tr 
though not fo dark and dittintf. Hair > 



O B S. V. 



1 he bun Aiming into my darkened Chamber through 
a Hole a quarter of an Inch broad ; I placed at the I 
ltance ot two or three Feet from the Hole a Sheet of 
Pad-board, vvhich vvas black’d all over on both fides 
and in the middle of it had a Hole about three quarters 
ot an Inch lquare for the Light to pals through. And 
behind the Hole 1 fattened to the Putt-board with Pitch 
the blade ot a fharp Knife, to intercept fome part of 
the Light vvhich patted through the Hole. The planes 
ot the Putt-board and blade ot the Knife were parallel 
to one another, and perpendicular to the rays. And 
yvhea they were i'o placed that none of the Sun’s Light 
tell on the Paft-board, but all of it patted through the 
Hole to the Knife, and there part of it fell upon the 
blade ot the Knife, and part of it patted by its edge: 

1 iet this part ot the Liglit vvhich patted by, fall on a 

white 



[ 121 ] 

white Paper two or three Feet beyond the Knife, and 
there law two dreams of faint Light flioot out both 
ways from the beam of Light into thefliadow like the 
nils of Comets. But becaufe the Sun’s direct Light by 
its brightnefs upon the Paper obfeured thefe faint 
ftreams!? fo that I could fcarcefee them, I made a little 
Hole in the midft of the Paper for that Light to pafs 
through and fall on a black cloth behind it j and then 
I 0w°the two ft reams plainly. . They were like one 
another, and pretty nearly equal in length and breadth, 
and quantity of Light. Their Light at that end next 
the Sun’s dire# Light was pretty ttrong for the fpace of 
about a quarter of an Inch, or half an Inch, and in all 
its progrefs from that direct Light decreafed gradually 
till it became infenlible. The whole length of either of 
thefe ft reams meafured upon the Paper at the diftance 
of three Feet from the Knife was about ilx or eight 
Inches * fo that it fub tended an Angle at the edge of 
the Knife of about loom, or at molt iq degrees. 
Yet fometimes I thought l law it Ihoot three or four 
degrees further, but with a Light fo very faint that I 
could lcarce perceive it, and iufpe&ed it might ( in 
fome meafure at leaft) aril'e from iome other caufe than 
the two ftreams did. For placing my Eye in that Light 
beyond the end of that ft ream which was behind the 
Knife, and looking towards the Knife, I could fee a 
line of Light upon its edge, and that not only when 
my Eye was in the line of the ftreams, but alfo when 
it was without that line cither towards the point of the 
Knife, or towards the handle. This line of Light ap- 
peared contiguous to the edge of the Knife, and was 
narrower than the Light of the mnermoft fringe, and 

R r narrowed 







[ 122 ] / 1 

narroweft when my Eye was furthed from the r 
Light, and therefore feemed to pals between the 
of that fringe and the edge of the Knife, and th 
which puffed neared the edge to be mod bent h, , 
not all of it. 1 nou §* 



OBS. VI. 

I placed another Knife by this lo that their ed 
might be parallel and look towards one another ^ 
that the beam of Light might fall upon both the Knives 
and fame part of it pals between their edges. A \ ?\ 
when the di lfance of their edges was about t the iccth 
part of an Inch the dream parted in the middle and 
left a fhadow between the two parts. This fhadow 
was fo black and dark that all the Light which palTed 
between the Knives feemed to be bent, and turned afide 
to the one hand or to the other. And as the Knives Bill 
approached one another the fhadow grew broader and 
the dreams fhorter, at their inward ends which were 
next the lhadow, until upon the contadi of the Knives 
the whole Light vanilhed leaving its place to the 
fhadow. 

And hence I gather that the Light which is leaft 
bent, and goes to the inward ends of the dreams, paf- 
les by the edges of the Knives at the grea tell diftance, 
and this diftance when the lhadow begins to appear be- 
tween the ftreams is about the eight- hundredth part of 
an Inch. And the Light which paffes by the edges of 
the Knives at didances dill lets and lels is more and 
more bent, and goes to thofe parts of the dreams which 
are further and further from the diredl Light, becaule 
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^ Knives approach one another till they touch, 
T fe parts of the dreams vanifh lad which are furtheft 
from the direa Light. 

OBS. VII. 

In the fifth Obfervation the fringes did not appear, 
J by reafon of the breadth of the Hole mtheWto- 
low became fo broad as to run into one another, and 
bTiovning make one continued Light in the beginning 
oT the dreams. But in the forth, as the Knives ap- 
proached one another, a little before the lhadow ap- 
peared between the two dreams, the fringes began to 
ippear on the inner ends of the dreams on either Me 
of the direa Light, three on one fide made by the edge 
of one Knife, and three on the other hde made by the 
edge of the other Knife. They were didinded when 
the Knives were placed at the greated diftance from the 
Hole in the Window, and dill became more diftind by 
making the Hole Id's, inlomuch that I could fometimes 
fee a faint lineament of a fourth fringe beyond the three 
above-mentioned. And as the Knives continually ap- 
proached one another, the fringes grew diftinder and 
larger until rhey vanilhed. The outmoft fringe va- 
nilhed firft, and the middlemoft next, and the inner- 
mod lad. And after they were all vanilhed, and the 
line of Light which was in the middle between them 
was grown very broad, enlarging it lelf on both tides 
into the dreams of Light defended in the fifth Obfer- 
vution, the above-mentioned Iliad ow began to appear 
in the middle of this line, and divide it along the middle 
into two lines of Light, and increafed until the whole 

Rr a Light 
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Light vanifhed. This inlargement of the fringes 
io great that the rays which go to the innerinoft f 
feemed to be bent above twenty times more when* 



fringe was ready to vanilh, than when one of the Ki 
was taken away. mves 

And from this and the former Oblervation cojnn- 
l gather, that the Light of the hilt fringe patted bvtfd 
edge of the Knife at a diftance greater than the e *L lc 
hundredth part of an Inch, and the Light of the f ec D 0 
fringe patted by the edge of the Knife at a greater °d 
fiance than the Light of the hr ft fringe did, and that 
of the third at a greater diftance than that of the fe 
cond, and that of the ftreams of Light deferibed ' 
the fifth and fixth Obfervations patted by the edges 
of the Knives at lets diftances than that of any of the 
fringes. 

O B S. VIII. 



I can fed the edges of two Knives to be ground truly 
ftreight, and pricking their points into a board fo that 
their edges might look towards one another, and meet- 
ing near their points contain a rectilinear Angle, I ftft, 
red their handles together with Pitch to make this 
Angle invariable. The diftance of the edges of the 
Knives from one another at the diftance of four Inches 
from the angular point, where the edges of the Knives 
met, was the eighth part of an Inch, and therefore the 
Angle contained by the edges was about 1 degr. 54, 
The Knives thus fixed together I placed in a beam of 
the Sun’s Light, let into my darkened Chamber through 
a Hole the 42th part of an Inch wide, at the diftance 

of 
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Feet from the Hole, and let the Light 
ofte ? ° r , mV between their edges fall very obliquely 
ivlud' 1 pa u , , w |n t e Ruler at the diftance of halt an 

?>TorT n ch/ om “he Knives, and there Taw the 
Inch, 01 an m twoedaes of the Knives run along 

riieldUs the Ihadows of the Knives in lines parallel 

m thole edges without growing fenfibly broadei, til 

rhev met in Annies equal to the Angle contained by tne 
fi of the Knives, imd where they met and joyned 
thfy ended without croinng one another. But it 
Kuler was held at a much greater diftance hom the 

Viper the fringes became fomething broader and ho.hu 

Approached one another arid after they met 
?hey eroded one anotheiqand then became much broadei 

th Whence* I gather that the diftances at which the 
fringes oafs by the Knives are not increafed nor altered 
by the approach of the Knives, but the Angles m wbici 
the rays are there bent are much increafed by that ap- 
proach ; and that the Knife which is neareft any ray 
rletermines which way the ray fhall be bent, and the 



O B S- IX. 

When the rays fell very oblique v if m the Ruler at 
the diftance of the third part of an lm h : ■ the Knives, 
the dark line between the firftand iecond fringe of the 
lhadow of one Knife, and t’ ia iiiic oet ween the 
iirft and lecond fringe of the lh. ; oi cn i : Knife 
met with one another, at thedifi ace me hftu sart 
of an Inch from the end 01 the l .: ii-:h -aikd be- 

tween 
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tween the Knives at the concourfe of their ed 
therefore the diftance of the edges of the Kniv^ ^ 
meeting of thefe dark lines was the 160th nan 3 ^ e 
Inch. For as four Inches to the eighth part of f ^ 
lo is any length of the edges of the Knives iZ ,H 
from the point of their concourfe to the dift anc > ~ 
edges of the Knives at the end of that length 1 JV 1 * 
the fifth part of an Inch to the 1 6oth part, So rl ° 
dark lines above-mentioned meet in the middip 
I.ight which pafifes between the Knives where th° 
diftant the 1 6oth part of an Inch, and the one 
that Light pafifes by the edge of one Knife at a dift 
not greater than the 320th part of an Inch and SF* 
upon the Paper makes the fringes of theihadow 0 f S 
Kmte, and the other half paffes by the ed 2e nf T 
other Knife, at a diftance not greater than the 
part of an Inch, and falling upon the Paper makes* the 
fringes of the ftiadow of the other Knife. But if Z 
Paper be held at a diftance from the Knives greater than 
the third part ot an Inch, the dark lines above^en 
tioned meet at a greater diftance than the fifth part of 
an Inch from the end of the Light which pafled be. 
tween the Knives at the concourfe of their edges - and 
therefore the Light which falls upon the Paper where 
thofe dark lines meet pafifes between the Knives 
where their edges are diftant above the 160th part of 
an Inch. 

^ ol a t another time when the two Knives were di« 
itant eight Feet and five Inches from the little Hole in 
the W indow, made with a final! Pin as above, the Light 
which tell upon the Paper where the afore fa id dart 
lines met. puffed between the Knives, where the di- 
ftance 
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1 nrp between their edges was as in the following 
T?ble, when the diftance of the Paper from the Knives 

w “ s al'fo as follows. 



Difiances of the Paper 
from the KjU’ves in 

Inches. 




Defiances between the edges 
'of the Kjiives in miile- 
ftmal parts of an Inch. 



0013 . 

o’o^O. 

0*03 4.. 
°’° 57 - 

o’oSi. 

o’o 87 . 



And hence I gather that the Light which makes the 
fringes upon the Paper is not the lame Light at all de- 
faces of the Paper from the Knives, but when the Pa- 
per is held near the Knives, the fringes are made by 
Light which paffes by the edges of the Knives at a lets 
diftance, and is more bent than when the Papei is held 
at a greater diftance from the Knives. 



When the fringes of the fhadows of the Knives fefi 
perpendicularly upon a Paper at a great diftance from 
the Knives, they were in the form of Hyperbolas, and 
their dimenfions were as follows. Let C A, C B repre- 
fent lines drawn upon the Paper parallel to the edges of 
the Knives, and between which all the Light vvould 
fall, if it pafled between the edges of the Knives with- 
out inflexion ;DEa right line drawn through € making 
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the Angles A CD, BCE, equal to one another 
terminating all the Light whith tails upon the Pane -V^ 
the point where the edges of the Knives meet; ei* n 
and glv, three hyperbolical lines reprefenting t i? cr > 
minus of the fhadow of one of the Knives, thedark r 
between the firft and feeond fringes of that lhadow lnc 
tlie dark line between the feeond and third f r ] n ’ 3nt (. 
the lame fhadow ; x i p, y k q and z 1 r, three other ff^ 
perbolical lines reprelenting the terminus of the On 4 ' * 
ot the other Knife, the dark line between the firft 
feeond fringes of that fhadow, and the dark line bf 
tween the feeond and third fringes of the lame fhad 
And conceive that thefe three Hyperbolas are like Cd 
equal to the former three, and crofsthem in the points 
i, k arid 1, and that the fhadows of the Knives are term!" 
hhted and diftinguifhed from the iirft luminous fh nge J 
by the lines eis and xip, until the meeting andcrof 
fing ot the fringes, and then thofe lines crofs the frir®; 
in the form ot dark lines, terminating the firft: luminous 
fringes within tide, and diftinguilhing them from ano- 
ther Light which begins to appear at i, and illuminates 
all the triangular ipace ipDEs comprehended by thefe 
dark lines, and the right line DE. Of thele Hy- 
perbolas one Afymptote is the line DE, and their other 
Afympt6tes are parallel to the lines C A and CB. Let 
t v reprefent a line drawn any where upon the Paper 
parallel to the Afymptote D E, and let this line crofs 
the right lines A C in m and BC in n, and the fix dark 
hyperbolical lines in p, q, r ; s, t, v ; and by meafmiug 
the diftances ps, qt, rv, and thence collecting the 
the lengths of the ordinates np, nq, nr or ms, mt, 
m v, and doing this at feveral diftances of the line rv, 
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. . t r, e Afymptote DEyou may find as many points 
’f Lfe Hvpeibolas as you pleafe, and thereby know 
that thefe curvelines are Hyperbolas differing little from 
the conical Hyperbola, And by meafunng the lines 
Ci Ck , Cl, you may find other points ot thele 

For inftance, when the Knives were diftant from the 
Hole in the Window ten Feet, and the Paper from the 
Knives 9 Feet, and the Angle contained by the edges ot 
the Knives to which the Angle ACB is equal, was lub- 
tended by a chord which was to the Radius as 1 to 32, 
and the diftance of the line r v from the Afymptote D E 
was half an Inch: I mealured the lines ps, qt, rv, 
and found them 0^5, 0*65, 0*98 Inches refpeftively, 
and by adding to their halfs the line i ran -(which here 
was the 128th part of an Inch, or o’ooyS Inches ) the 
funis 11 p, nq, nr, were 0L828, 0^528, In- 

dies. 1 meafured alfo the diftances of the brighteft 
parts of the fringes which run between pq and st, qr 
and tv, and next beyond r and v, and found them o’5, 
o’8, and 1*1 7 Inches. 

O B S. XL 

The Sun Alining into my darkened Room through a 
ilnall round Hole made in a plate of Lead with a llender 
Pin as above ; I placed at the Hole a Prilm to refradt 
the Light, and form on the oppofite Wall the Spectrum 
of Colours, deferibed in the third Experiment of the 
firft Book. And then 1 found that the fhadows of all 
Bodies held in the coloured Light between the Prilm 
and the Wall, were bordered with fringes of the Colour 

S s of 
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of that Light in which they were held. In the full r f 
Light they were totally red without any fenlihle bl 
or violet, and in the deep blue Light they weretotall* 
blue without any lenfible red or yellow ; and 1 0 i n 
green Light they were totally green, excepting a p tj 7 
yellow and blue, which were mixed in the green Lioj 6 
ofthePrilin. And comparing the fringes made j n 
ieveral coloured Lights, 1 found that thole made i n t]f 
red Light were large ft, thole made in the violet 
leaft, and thofe made in the green were of a midd^ 
bignefs. For the fringes with which the fhadow of C 
Man’s Hair were bordered, being meafured crofs the 
fhadow at the diftance of fix Inches from the Haft . ^ 
diftance between the middle and mod luminous pan of 
the fir ft or innermoft fringe on one fide of the fhadow 
and that of the like fringe on the other fide of the fhJ 
dow, was in the full red Light of an Inch, and in 
the full violet And the like diftance between the 
middle and molt luminous parts of the fecond fringes on 
either iide the fhadow was in the full red Light and 
in the violet ~ of an Inch. And thefe diftances "of the 
fringes held the fame proportion at all diftances from 
the Hair without any lenlible variation. 

So then the rays which made thefe fringes in the red 
Light paHed by the Hair at a greater diftance than thofe 
did which made the like fringes in the violet; and there- 
fore the Hair in caufiug thefe fringes added alike upon 
the red Light or leaft refrangible rays at a greater di- 
ftance, and upon the violet or moft refrangible rays at 
a lels diftance, and by thofe actions difpofed the red 
Light into' larger fringes, and the violet into lmaller, 
and the Lights of intermediate Colours into fringes of 

inter- 
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intermediate bigneffes without changing the Colour ot 

0 f any fort of n j. ; n t ] ie firft and fecond ot 

When therefore the Hau in t e m of the 

thele pWh va Xlftftodot which was bordered with 

c nn ’ s Li^ht, but whenever fepaaated compole ft, 
nfthefeveral Colours which they are origina l y dilpo- 
to exhibit. In this i 3 th Oblervation, where the 
Colour* are lepa rated before the Light pafte^ by t e 
Hair, the leaft refrangible rays, which when lega- 
ted from the reft make red, were matted 
diftance from the Hair, fo as to make thiee r ed tr g- 
at a greater diftance from the middle ol the a °w 
the Hair; and the moft refrangible rays which when 
fepa rated make violet, were mfieded at a lels diftan 
from the Hair, lb as to make three violet tnnges at a 
lels diftance from the middle .of the ihadow ot the Han . 
And other rays of intermediate degrees ot retrangibi- 
litv were inflected at intermediate diftances tiom the 
Har, fo as to make fringes of intermediate Colours at 
intermediate diftances from the middle of the fhadow 
of the Hair. And in the fecond Oblervation, where 
all the Colours are mixed in the white Light which 
paffes by the Hair, thefe Colours are teparated by the 
various inflexions ot the rays, and the fiinges which 
they make appear ail together , and the innermoft-- 

J A 1 * frit'irrPG 
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fringes being contiguous make one broad fringe r 
fed ot all the Colours in due order* the vini C °! T1 p0' 
on the infide of the fringe next the fhadow 
the outfide furtheft from the fhadow^nd a 1 ?* 
green and yellow, in the middle. And in i;t bIue ? 
ner, the middlemoft fringes of all the Colour* L* Ina ?’ 
order, and being contiguous, make another bnJut in 
compoled of all the Colours ; and the outm 0 ft 
ot all the Colours lying in order, and being contl ^ 
iuakea third broad fringe compofed of all 'the r^ 01 ^ 
Thelc are the three fringes of coloured Ligh^ 1 ?' 
which the fhadows of all Bodies are bordered S?? 1 
cond Oblervation. 111 tJle fc 

When I made the foregoing Obfervations, I defiant 

to repeat mod of them with more care and exaftn^ 
and to make fome new ones for determining the 5 
ner how the rays of Light are bent in their naflU t 
Bodies for making the fringes of Colours with the 
dark lines between them. But 1 was then intern 
ted, and cannot now think of taking theie things ;J 
further coni, deration. And fince 1 have not foil foj 
this part of my Delign, I (hall conclude, with Jr 

fing only lome Queries in order to a further leatch to 
be made by others. 

, ,mT 7 , 1 : D e. not , Bod , i ? s afl; u P on Li 8 ht at a efiftance, 

and by rheiradhon bend its rays, and is not this adion 
(ceteris faribw) ftrongeft at the lead diftance ? 

Jr P 0 ,! 101 '. the ra y s w hich differ in refransibility 
diltei alfo in flexibility, and are they not by their dii- 
eient inflexions feparated from one another, fo as 
a ter reparation to make the Colours in the three fringes 

above 
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, b0 ve deferibed ? And after what manner are they m- 

3° Are' Utfhe^yf oif Light in paffing by the 
aJra'and Tides of Bodies, bent feveral tunes backwards 
and forwards, with a motion like that of an Eel r Am. 
do not the three fringes of coloured Light above-men- 
tioned, arife from three fuch bendings 
$u. 4.. Do not the rays of Light which full upon Bo- 
diesT and are reflected or refraaed, begin to bend be- 
fore they arrive at the Bodies ; and are they not re- 
flected, refraaed and infleaed by one and the fame 
Principle, aaing varioufly in various circumftances ? 

^ 5. Do not Bodies and Light ad mutually upon 
one another, that is to lay, Bodies upon Light in emit- 
ting, refleaing, refraaing and infleaing it, and Light 
upon Bodies for heating them, and putting their parts 
into a vibrating motion wherein heat confiits ? 

.% 6. Do not black Bodies conceive heat more eafily 
from Light than thofe of other Colours do, by reaion 
that the Light falling on them is not refleaed outwards, 
but enters the Bodies, and is often refleaed and re- 
frafted within them, until it be ftifled and loft ? 

igs. 7. Is not the ftrength and vigor of the aaion 
between Light and fulphureous Bodies obferved above, 
one reafon why fulphureous Bodies take fire more 
readily, and burn more vehemently, then other Bo- 
dies do ? 

£>u. 8. Do not all fixt Bodies when heated beyond a 
certain degree, emit Light and fhine, and is not this 
emiffion performed by the vibrating motions of their 
parts ? 
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vapour ana name, as between 
ten Wood filming without heat and buniina Cmi ° l 

C !!JI i «A mi* « * * * f* t i * D ^*^18 



Qu. 9, Is not fire a Body heated fo hot as 
Light copioufiy ? For what elfe is a red hot I r ° 
fire? And what elfe is a burning Coal than 

=%. 10. Is not flame a vapour, fume or exh I • 
heated red hot, that is, fo hot as to Ihine? F 01 - g 3 *}? 5 
do not flame without emitting a copious fum e 
fume burns in the flame. The Igms Fatuiu is a v , thls 
fhining without heat, and is there not the lame d'? 
rence between this vapour and flame, as het™^. 

rot. 

fire ? In diftilling hot Spirits, if the head of fhc'fih’f r 
taken off, the vapour which afcends out of the Still 5 
take fire at the flame of a Candle, and turn into flam 
and the flame will run along the vapour from the Candle 
to the Still. Some Bodies heated by motion or fermen 
tation, if the heat grow intcnfe fume copioufiy, and if 
the heat be great enough the fumes will Ihine and be, 
come flame. Metals in fufion do not flame for want of 
a copious fume, except Spelter which fumes copioufiy 
and thereby flames. All flaming Bodies, as Oyl, Tab 
low, Wax, Wood, foffil Coals, Pitch, Sulphur, by 
flaming wafte and vanifli into burning fmoke, which 
lmoke, if the flame be put out, is very thick and vifible, 
and fometimes fmells flrongly, but in the flame loies 
its fmell by burning, and according to the nature of the 
lmoke the flame is of feveral Colours, as that of Sub 
phur blue, that of Copper opened with Sublimate 
green, that of Tallow yellow. Smoke pa fling through 
flame cannot but grow red hot, and red hot lmoke can 
have no other appearance than that of flame. 
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Do not great Bodies conlerve theii heat the 
their parts heating one another, and may not 
loageft, the P Bodies, when heated beyond a 

• ,,wee emit Light fo topically, as by the emil- 
T „ Zd of its Light, and the .eflexionsand re- 
? Oionsofits rays within its pores to grow (till hot- 
till'it comes to a certain period of heat inch as is 
lint of the Sun ? And are not the Sun and fix d ..tars 
t Earths vehemently hot, whole heat is conferyed 
b die areatnels of the Bodies, and the mutual adion 
,, id reaction between them, and the Light which they 
emit, and whole parts are kept trom fuming away not 
only by their fixity, but alfo by the vaft weight and 
denlity of the Atmofpheres incumbent upon them, and 
very flrongly comprcffing them, and condenhng the vu- 
ooU rs and exhalations which arife from them ? 

F 3 u. i a. Do not the rays of Light in falling upon the 
bottom of the Eye excite vibrations in the Turned 1 c- 
tim ? Which vibrations, being propagated along the 
folid fibres of the optick Nerves into the brain, cauie 
the fenfe of feeing. For becaufe denfe Bodies conlerve 
their heat a long time, and the denfeft Bodies conlerve 
their heat thelongefl, the vibrations of their parts are 
of a lading nature, and therefore may be propagated 
along folid fibres of uniform denfe matter to a great di- 
stance, for conveying into the Brain the impreflions 
made upon all the Organs of fenle. For that motion 
which can continue long in one and the fame part of a 
Body, can be propagated a long way from one part to 
another, fuppofing the Body homogeneal, fo that the 
motion may not be reflected, refracted, interrupted or 
difordered by any unevennels of the Body. 

£>u. 13, 





13 . Do not fever a 1 fort of rays make vih- 
of feveral bignefles, which according to their k lat oi!s 
excite feniations of feveral Colours, much a f^ ne ^ 
manner that the vibrations of the Air, according % 

feveral bignefles excite fenfations of feveral °f ° ^ e ‘ r 
And particularly do not the moft refrangible rp ° Un(js ' 
cite the fhorteft vibrations for making a fenr P ex ' 
deep violet, the lea ft refrangible the largeft f 0r J?. 0,r 
a fenfation of deep red, and the feveral intermeH'^ 
forts of rays, vibrations of feveral intermediate b‘ e 
les to make fenfations of the feveral intermediator^ 
lours? eL °' 

J 4; May not the harmony and difcord off 
lours arife from the proportions of the vibrations on °* 
gated through the fibres of the optick Nerves into tT 
Brain, as the harmony and difcord of founds arifes iiP 
the proportions of the vibrations of the Air ? For fen ? 1 
Colours are agreeable, as thole of Gold and lndico Z 
others dilagree. 1 

1 5 ; Are not the Species of Obje&s feen with both 
Eyes united where the optick Nerves meet before 
they come into the Brain, the fibres on the right fide 
of both Nerves uniting ‘ there, and after union going 
thence into the Brain in the Nerve which is on the 
right fide of the Head, and the fibres on the left fide 
of both Nerves uniting in the fame place, and after 
union going into the Brain in - the Nerve which is on 
the left fide of the Head, and thele two Nerves meet* 
ing in the Brain in luch a manner that their fibres 
make but one entire Species or Picture, half of which 
on the right fide of the Senforium comes from the 
right fide of both Eyes through the right fide of 
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T nntick Nerves to the place where the Nerves 
bot ‘ tlfora thence on the right hde of the Head 
rinihe Brain, and the other half on the left fide of the 
Si comes in like manner from the left hde ot 
. for the optick Nerves of fuch Annuals as 
c,ok the fame way with both Eyes (as of Men, Dogs, 
Sheep, Oxen, 1 2c. ) meet before they come into 1 
Brain, but the optick Nerves of fuch Animals as do 
Jjot look the fame way with both Eyes (as of Fillies an 
jf the Chameleon) do not meet, if I am rightly m- 

When a Man in the dark preffes either cor- 
ncr^f his Eye with his Finger, and turns his Eye away 
from his Finger, he will lee a Circle ot Colouis li c 
thofe in the Feather of a Peacock’s Tail . Do not thefe 
Colours arife from liich motions excited in the bottom 
of the Eye by the preffure of the Finger, as at other 
times are excited there by Light tor caufing Vifion ? And 
when a Man by a ftroke upon his Eye fees a Flafn ot 
Light, are not the like Motions excited in the Retina, 
by the ftroke ? 
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enumeratio 

linearum 

tertii ordinis. 



r Ine* Geometric fecundum mimerum dimen- ^ ^ 
. fionum aequationis qua relatio inter Ordina a diaetm 
rSblciffas definitur, vel (quod pennde e ft ) 
lum numerum pun&oium in quibus a lina r 
Lari poffunt, optime dift.nguuntur m Ordmes. 

Qua ratione linea primi Ordinis erit Reft a iola, ex 
- ,* ^ prnnt fefti ones Come® 
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:ubica, Parabola Neiliana Ciflois veterum & reli- 
ms quas hie enumerate fuicepimus. Cum autem 
!rimi generis, (fiquidem refta inter r Curvas .non eft 
mraeranda) eadem eft cum Lmea fecundi Ordinis, 
k.Curva fecundi generis eadem cum Linea Ordinis 
-ertii. Et Linea Ordinis infinitefimi ea eft qua m 
ecta in pun&is infinitis fecare poteft, qualis eft Spi- 
ralis, Cyclois, Quadratrix & linea omnis qua; per 
~, ai \ trp.1 rnfcp iwol n Hones infinitas seneratur. 



Tt 2 



Se&ionum 
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_ H. Seftionum Conicarum 

J FQpKlStltt eS s~* * /v* | 

a- iomm comca- Oeometris pa (h m traduntur 
rim co mf etum nrietates Cur varum fecundi „ 

gens-rLi ex iequenti^ proprietatum praecipuarom e niim !: U 
tione conftabit. ei;u 

in. Nam ft reftae plures parairefe & ad conicsn r 

® on J™ “^a? terrainats ducantur, refta d Ua ' s *' 
dimt? Dtame- rum buecans bilecabit alias omnes, ideoq; d icitur 
^yl^AxT^' 1 ' meter fi» LU ' s & r e£k bifedtae dicuntur Qfidinatim ^ 
plicate, e ad Diametrum, & concurfus omnium jjjf* 
metrorum eft Centrum fiouige, 8c interleftio Curvj J- 
diametri Vertex nominating & diameter ifla rfy. 
eft cui ordinatim applicatae infiftunt ad angulos J 
dtos. Et ad eundern modum in Curvis fecundi ?e* 
peris, ft redtas duas quae vis parallels; ducantur occur 
rentes Curvse in tribus pundtis ; redta. qua; ita f ecat 
hasparallelas utiumma duarum partium ex uno ib 
eantis latere ad curvam terminatarum aequetur p art i 
rertise ex altero latere ad curvam terminates, eodem 
modo fecabit omnes alias his parallelas curvaeq.; h 
tribus pundtis occurrentes redtas, hoc eft, ita utliim- 
ma partium duarum ex uno ipfius latere temper 
sequetur parti tertiae ex altero latere. Has itaq; tres 
partes qute lnnc inde acquantur, Ordinatim affll 
cat as 8c redtam fecantem cui ordinatim applicants 
* Diametrum 8c interfedtionem diametri 8c cmvxVer 
ticem 8c concurfum duarum cliametrorum Centrum 
nominare licet. Diameter autem ad Ordinatas re- 
Caligula ft modo aliqua lit, etiam Axis dici poteft, 
8c ubi omnes. diametri in eodem pundto concununt 
iftud erit Centrum generate. 

Hyper- 



proprietates 



EtconfimiliS^a 

veneris; & 
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Hyperbola primi generis duas jihmfims, t* ts- ^ l ap „„ 
a’I t-rec ea tertii quatuor 8c non pluies habeie po- e : mm propria- 
S & Cel. reliquis. Et quemadmodum partes- 
line* cujufvis reft* inter Hyperbolam Coniejm 
i uas ejus Aiymptotos iunt hinc mde rcquale. : lie m 
Hvperbolis lecundi generis ft ducatur refta qucvyis 
ftans tarn Curvam quam tres ejus Afymptotos iu 
rribus punftis, fumma duarum partium ittiusrete 
cux a dnobus quibufvis Afymptotis in eandem pla- 
in! ad duo punfta Curvaa extenduntur. sequalis ent 
parti tertise quas a tertia Afymptoto m plagam con- 
rrariam ad tertium Curva pundum extenditur. 

Et quemadmoduin in Conicis fedionibus non Pa- Late ^ rsHa ^ 
rabolicis quadratum Ordinatim apphcatac r hoc tr*m fkzer * 

redangulum Ordinatarum quae ad contra nas par- 
tes Diametri ducuntur, eft ad redangulum partium 
Diametri qua? ad Vertices Eliipleos \el Hy pet bo la; 
tcrminantur,ut data quredam iinea quay dicitur Lam 
rectum , ad partem diametri qua inter \ ertices jacet 
ScdkitmLatm tranfverjum : ftc in Curvis non Para- 
bolicis fecundi generis Parallelepipcdum tub tribus 
Ordinatim applicatis eft ad Parallelepiped urn tub par- 
tibus Diametri ad Ordinatas 8c tres V ertices ftgura ab- 
fciftis, in ratione quadam data : in qua ratione ft fu- 
mantur tres redta ad tres partes diametri inter ver- 
tices figures fitas fingukad fingulas, tunc ilk tres 
reftoe dici poftunt Latera recta hgurat, & ilk partes 
Diametri inter Vertices Latera tranfverfa. Et ficut 
in Parabola Conica quae ad unam 8c eandem diame- 
trum unicum tantum habet Ver ticem, redtanguiuin 
fubOrdinatis aequatur recta ngulo lub parte Diametri 
qua ad Ordinatas 8c Verticem abfeinditur 8c recta 

quadam 








VI. 

Hat to content o- 
rum fub Para lie- 
larum ftgmemis* 

* 



VII- 

Crura Hyper- 
bolic a & Parabo- 
lka& corum pla- 

ff- 
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quadam data quae'Latus redum dicitur,Gc i n r 
l’ecundi generis qua; non nili duos habent Vert’ Urv * s 
eandem Diametrum, Para Uelepi pedum fubOrft^ 
tribus aequatur Parallelepipedo fub duabus n 
Diametri ad Ordinatas & Vertices illos duos ahrr 
& reda quadam data qux proinde Latm 3 > 
dici poteft. ' 

Deniq; licut in Conicis fedionibus ubi du$ 
lelx ad Curvam utrinq; terminate feeantur a ^* 
bus parallels ad Curvam utrinq; terminatis ■ 
a tertia & l'ecunda a quarta, rectangulum 
prims? eft ad re&angulum partium tertise 
gulum partium fecundae ad redangulum M]t - 
quarts: fic ubi quatuor tales reds occurrum^ 111 
fecundi generis lingulae in tribus pun&is, parallel? 
pipedum partium prims reds erit ad paralleleniH 
dum partium terti*, ut parallelepipedum 
lecunaae ad pa rallelepi pedum partium quarts 

Curvarum fecundi & fuperiorum generum *que 
atq; primi crura omnia in infinitum pro^redientia 
vel Hyper folici funt generis vel TarafolidX$v& H_l 
per folic um voco quod ad Afymptoton aliquam in i 
finitum appropi nquat, TaraSohcum quod Afymptoto 
deftituitur. Hxc crura ex tangentibus optime dio- 
nofeuntur. Nam fi pundum contadus in infinitum 
abeat tangens cruris Hyperbolici cum Aiymptoto 
coincide! oe tangens cruris Parabolic! in infinitum 
recedet, evanefeet & nullibi reperietur. Invenitui 
»gitur Alymptotos cruris cujufvis quxrendo tangen- 
tem cruris illius ad pundum infinite diftans. Flags 
autem cruris infiniti invenitur quxrendo pofitionem 
rectx cujufvis qux tangenti parallela clt ubi pun- 

dm 
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fturo contaaus in infinitum abit. Nam hsc reft* 

C rWem nlagam cum crure infinito dingitur. _ 

111 Lines omnes Ordinis primi, tertii, quinti, lep Rtdu&io Cur- 
• ■ & im paris cujufq; duo habent ad minimum varum omnium 

SSa in infinitum verfus plagas oppofitas ^5^-. 
dientia. Et lines? omnes terti 1 Oi dims duo ha bey t ^ uatuer C4 j- m 
eiufmodi crura in plagas oppofitas progredicntia in primus. 
quas nulla alia earum crura inimita ( prater quam 
Pi Parabola Carteiiana ) tendunt. Si crura ilia 
lint Hyperbolici generis, fit GAS eor uni Alymp- 
totos & hole parallela agatur redta qusevis CBc 
a d Curvam utrinque ( fi fieri poteft ) terminata 
e-idemq; bilecetur in punao X, & locus punch 
jius X erit Hyperbola Conica ( puta X * ) cujus 
una Afymptotos eft AS. Sit ejus altera Alymp- 
totos A B, Sc xquatio qua relatio inter Ordtnatam 
BC & Abfciffam AB definitur, fi AB dicatur x & 

B C y, femper induet hanc formam xyy + ey = ax' 
b xx -\- c x + d. 11 bi termini e, a,^ b, c, ^ d, defig- 
nant quantitates datas cum lignis fuis -p & — < affe 
ftas,quarum quxlibetdeefife poffunt modo ex earum 
defeftu figura in fedionem conicam non vertatur, 

Poteft autem Hyberbola ilia Conica cum aiympto- 
tis fuis coincidere, id eft pundum X in redia AB 
locari: & tunc terminus -^ey deeft._ 

At fi reda ilia C Bc non poteft utrinq; ad Curvam 
terminari fed Curvx in unico tantum pundo occur- 
rit: age quamvis pofitione datam redam A B aiymp- 
toto AS occurrentem in A, ut & aliam quamvis BC 
aiymptoto illi parallelam Curvxque occurrentem in 
pundo C, & cequatio qua l'elatio inter Ordinatam 

BC 



ix. 

Cafm fecund a fo 






, , x * 



r XL 

Cafm quartm* 



XII- 

Nmimafcrma 
rum . 
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B C Sc Abfciflam AB definitur, Temper indu P M 
forma in x y ■ = a x 5 -|- b x x -\- c x+ d. lailc 

Quod fi crura ilia oppofita Paraboliei fint eenpr - 
rech CB cad Curvam utrinque, fi fieri potefi eflS} 
minata in plagam crurum ducatur & bifecetur , * t T 
6c 1 ocus pundi B erit linea recta. Sit ift a A B t 1 
minata ad datum quod vis pundum A. & Xo ) t ?‘ 
qua relatio inter Ordinatam BC & Abfciffam a? 
definitur, temper induct hanc formam V v~ , 
+bxx-fcKr(l. ’ • } n 

At vero fi reda ilia CB c in unico tantum punfi 
occur rat Cur vae, ideoq; ad Curvam utrinq; termini 
non polfit : (it pundum illudC, St incidat refta il 
ad pundum B in redam quamvis aliam pofitW 
datiuu Scad datum quod vis pundum A terminatam 
A By Sc cequatio qua relatio inter Ordinatam BC& 
Abidfiam AC definitur Temper induet hanc formam 
y— ax 3 4"bxx-|-cx-|- d. ’ 

Enumerando curvas horum cafuum, Hyperbolam 
vocabimus inferiptam quse tota jacet in Alymptotan 
angulo ad in (tar Hyperbolae conic*, dratmfcnptm 
qua? Alymptotos fecat Sc partes abfeifias in Gnu fuo 
ampleditur, ambigenam qua! uno crure infinito in- 
fieri bitur Sc altero circumfcribitur , convergentm 
cujus crura con cavitate iua feinvicem refpiciunt & 
in plagam eaudem diriguntur ^divergentem cujus crura 
convexitate iua feinvicem recipiunt Sc in plagas con- 
trarias diriguntur, cruribus contrarm preedit am cujus 
crura in partes contrarias convexa funt & in plagas 
contrarias infinita, Conchoidalem quae verticeconcavo 
oc cruribus divergentibus ad afymptoton applicatur, 
(inguineam qua: Bex i bus contrariis afymptoton fecat 
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£ utrinq ' in crura contraria producitur, crucijormem 
** convusatam decuflkt, nodatem qu* feipiam de- 
Sat in orbem redeundo, cuff idatam t ujus partes 
jL in angulo contadus concurrunt & ibt termman- 
rur itun&am qu* conjugatam habet Ovalem mh- 
jjite parvam id eft pundum, Sc fur am qu® per im- 
noffibilitatem duarura radicum Ovali, JNodo, Cul- 
pide Sc Pundo conjugato privatur. Eodem leniu 
Parabolam quoq; convergent em y divergent em, cruri- 
bm contrarm fra’ditam , cruciformem , nodatam , cuj' 
militant, fmtSaUm SLfuram noinioabimus. 

In cal’u primp 8 terminus a x> afhnnativus eft ti- B! 
t u merit Hyperbola triplex cum lex cruribus Hy ^ redmdame 0 - 
perbolicis qutejuxta tres Alymptotos quarum nu ^ A ~ 
funt parallel* in infinitum progrediuntur,bm* juxta- 
unamquamq; in plagas contrarias. Et h* Afymp- 
toti fi terminus bxx non deeft l'e mutuo fecabunt 
in tribus pundis triangulum (Dda 1 ) inter fe con- 
tinent's, fin terminus bxx deeft convergent ornnes 
ad idem pundum. In priori cafu cape AD = 

&Ad = A^=?li, ac junge Dd, D*\ 8c erunt 
AD, Dd, D^tres Afymptoti. In pofteriori due 
ordinatam quamvis BC, Sc in ea utrinq; produda 
cape hine hide BF Sc Bf fibi mutuo aequales Sc 
in ea ratione ad A B quam habet ad a, j’ungeq; 

AF, Af, & erunt AB, AF, Af tres Alympoti. 

Hanc autem Hyperbolam vocamus redundantem 
quia numero crurum Hyperbolicorum Sediones Co- 
nicas fuperat. 

In Hyperbola omni redundante fi neq; terminus hy- 

ey defit neq; fit bb- qae aequale + ae/a curva nul •prboUdiametri* 
lam habebit diamettum, (in eorum alterutrum ac- & f t!t cr! °' um 

a _ tnpmiQrum. 



U u 



cidat 
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eidat curva habebit unicam diametruqt & 
utrumque.^ Diameter uutem temper tranfit 
terle&ionem duarum Aiymptoton Sc bij'ecat^ ^ 
omnes qua.’ ad Afymptotos illas utrinq- term; ^ 
& parallelx iunt St Alymptoto ter tire. *Efta- 
AB diameter Figure quoties terminus ev i ^ 
Duimetrum vero abfolute diftam hie 8t i n f Uet r 
tibus in vulgari figraficatu ufurpo, neinpe 
iciflh qua paflim habet ordinates binas Inn" ab ; 
idem punftum hint inde infiftentes. 1 ad 

Hj*lu Si Hyperbola redundans nullam habet diametric 
w® redmdantes ^tixrantui iEquationis hujus b x 3 A XX \' 1 I 

q T or / eu va l°- es ipfius * & 

A B, A. ^ > A tt , A p. Engantur ordinate 
tos tricmgidum PT, ^ x7, p t, & llX tangent Curvam in n„ tl A 

totidem T, T , \ t, & tangendo dabunt CS? 
vie per quos fpecies ejus innotefeet. 

Nam fi radices omnes AP, A^, A^ Anfmt 
reales, ejufdem figni Sc inxquales, Curva conftat ev 
tnbus Hyperbolis , ( inferipta circumfcripta & m . 
bigena ) cum Ovah. Hyperbolarum una jacet ver- 
sus D, altera verfus d/tertia verfus °\ & Ovalis 
iemper jacet intra triangulam Dd atq; etiam i n . 
ter medios limites ^Sc T> in quibus utiq; tangitur 
ab ordinatis f St Kt hire eft fpecies prima. 

Si e udicibus dux maxima Ax, A y>, vel dux mi- 
nimx AP, A^ xquantur inter fe, St ejufdem funt 
figni cum alteris duobus, Ovalis & Hyperbola cir- 
cumfcripta fibi inxicem junguntur coeuntibus earum 
punais contaaus T Se t vel T St T St crura Hyper- 
bolas iefe decuffando in Ovalem continuantur, bgu- 
ram nodatam efficientia. Quae lpecies eft fecunda. 

Si 
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[ H 7 ] 

c; ^ ndicibus tres maximx A/-, At, A w, vel tres F&. % <f. 
diflae' A >r, A®, A P xquentur inter fe, Nodus in 
"Idem acutiffimum converted. Nam crura duo 
ffvperbols circumfcripte ibi in angulo contacts 
roncurrent & non ultra producentur. Et Iikc eit 

fnecies tertia. , 

1 Si e radicibus duse mediae A w & Ax aquentur m- Qg- 7- 

t er fe, pun£ta contaHus t &7 coincidunt , St propte- 
rea Ovalis interjedfa in pundtum evanuit, Sc conftat 
ga U ra ex tribus Hyperbolis, inferipta, circumlcripta 
& ambigena cum fundo conjugato. Qua? eft fpecies 

quarta. _ ^ , 

’ Si duie ex radicibus lunt impoffibiles & reliquae %-7,^ T 3,t4’ 

duff inaequales Sc ejufdem figni ( nam figna contraria 
habere nequeunt,) fur# habebuntur Hyperbolx tres 
fine Ova li vel Nodo vel culpide vel pun&o conju- 
gato, Schx Hyperbolx vel ad latera trianguli ab 
Afyinptotis comprehenfi vel ad angulos ejus jacebunt 
& perinde lpeciem vel quintain vel fextam condi- 
ment. 

Si e radicibus dux funt xquales Sc alter® dux 9,10,15,15, 
vel impoffibiles funt vel reales cum {ignis qux a fig- 
nis xqualium radicum diverfa funt, figura crucifor- 
1 m habebitur, nernpe dux ex Hyperbolis feinvicein 
decuffabunt idq; vel ad verticem trianguli ab A- 
fymptotis comprehenfi, vel ad ejus baiem. Qux 
dux fpecies lunt leptima & ottava. 

Si deniq; radices omnes funt impoffibiles vel fi u, n, 
omnes funt reales Sc inxquales St earum dux funt 
affirmative Sc alterx dux negative, tunc dnx habe- 
buntur Hyperbolx ad angulos oppofitos duarum 

U u 2 Afymp- 




Afymptoton cum Hyperbola angumea circa Ar 
toton tertiam. Quie fpecies eft nona. a 
Et hi I'unt omnes radicum cafus poffibiles v 
fi duse radices funt sequales inter fe, & alia duo, r,? In 
etiam inter fe sequales, Figura evadet Sed>m r Uflt 
cum linea reda. L ' loC °«ic a 

xvi. Si Hyperbola redundans habet unicam 

fitejus Diameter Abfciflk AB, & " tUm 
tes c v m uni ca t a?r tionis hujus a x 5 -\- b x x -l- c x 4- d = o nn$ r e t 
rum Dmmetro. clices feu valores X. L !es ra ' 
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Fig. 18 . 
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Fig. 20. 



Fig. 20. 
Fig. 21. 
Fig. 22. 
Fig. 23. 



Si radices ills funt omnes reales Sc ejufdem f ■ 
Figura conftabit ex OWf intra triangulum 
cente & tribus Hyperbolis ad angulos em s n 1 - a " 
circumfcripta ad angulum DSc inferiptis duahm^ 
angulos d 8c a>. Et hsec eft fpecies decima. a 
Si radices duse majores funt sequales 8c tertia eiuf 
dem figni, crura Hyperbolae jacentis verfus D {X 
decufiabunt in forma Nodi propter conta&um Ova- 
lis. Quae fpecies eft undecima. 

Si ties radices funt sequales, Hyperbola ift a fit 
cujpdata fine Ovali. Quse fpecies eft duodecimo 
• Si radices duse minores funt sequales Sc tertia eiuf 
dem figni, Ovalis in punclum evanuit. Quce fpecies 
eft decima tenia.. In fpeciebus quatuor novfiimis 
Hyperbola quae jacet verfus D Afymptotos in fmu 
luo ample&itur, reliquae dux in linu Afyniptotm 
jacent. 

Si duse ex radicibus funt impofii biles habebunturtres 
Hyperbolse pur a fine Ovali decuffatione vel culpide. 
Et hujus cafus fpecies funt quatuor, nempe decima 
quarta ft Hyperbola circumfcripta jacet verfus D & 

decima 
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j fC jnia quinta fi Hyperbola infenpta jacet verfus D, 
Lima lexta fi Hyperbola circumfcripta jacet lub 
bafid”’ trianguliDdJ', & decima leptima fi Hyper- 
tala inl'cripta jacet fubeadem bah. . 

Si due radices funt aquales & tertia figni diveifi f ||-+- 
ftaura erit ctuciformk. Nempe duse ex tribus Hy- 
perbolas feinvicem decufiabunt idq; vel ad verticein 
trianguli ab Afymptotis comprehenfi vel ad ejus ba- 
lein. Quae duse fpecies funt decima odava Sc decima 



nona. 




Si duse radices ftmt incequales Sc ejuftiem figni St 
tertia eft figni diverfi, duae habebimtur Hyperbolse 
in oppolitis angulis duarum afymptoton cum Con* 
choidali intermedia. Conchoidalis autem vel jace- 
bit ad eafdem partes afymptoti fuse cum triangulo 
afe afymptotis conftituto, vel ad partes contrarias ; 

8c hi duo cafus conftituunt fpeciem vigefimam Sc vi- 
gefimam primam. 

Hyperbola redundans q use habet tres diametros 
conftat ex tribus Hyperbolis in finubus afymptoton / edtmdan tes cum 
jacentibus, idq; vel ad angulos trianguli ab afympto- frtbwDiametruf. 
tis comprehenft vel ad ejus la ter a. Cafus prior dat l 9 [ 
fpeciem vigefimam fecundam,& pofterior fpeciem vi- 
gefimam tertiam. 

Si tres afymptoti in pun&o communi fe mutuo xvm. 
decuflant, vertuntur fpecies quinta & fexta in vig e- 
fimam quartam , feptima Sc odtava in vigefimam cum Ahm^mk 
quintain, Sc nona in vigefimam fextam ubi Ansuinea trthiU 

j. } o m o ^ fjQ punctum cofi* 

non tranlit per concurfum afymptoton, &in vigefi * wrgemibut, 
mam feptimam ubi tranfit per concurfum ilium, quo Fi &- $ Qt 
cafu termini b ac d defunt, & concurfus afympto- 
ton eft centrum figure ab omnibus ejus partibus 33 - 

oppofitis 




&£■ 34 - 
b £> 3v 
35 . 
^- 37 . 
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oppofitis ^quali ter dirtans. Et ha? quatUQr f ■ 
Diametrum non habent. P e Cies 

Vertuntur etiam ipecies decima quarta ac H-. • 
fexta in vigefimain o&avam, decima quint;? 
cima leptima in vigefimam nonam, decima A, 
& decima nona in tricefimam, 5 c vigefima cum ^ 
firna prima in tricefimam primam. Et j'n '^ 
unicam habent diametrum. * ecies 

Ac deuiq; ipecies vigeiima fecuada 5 c vigefi 
tertia vertuntur in fpeciem tricefimam fecundam ^ 
jus ties lunt Diametri per concurium afymptor* 
tranfeuntes. Quae omnesj converfiones facillime ° !1 
telliguntur faciendo ut triangulum ab atyniptot^ 
coinprehenfum diminuatur donee in pun&um ev b 
nefcat, 3 ' 

xr , , r Si in primo aequationum cafu terminus ax? n„ 
JefdiZ d^t' garivus eft, Figura erit Hyberbola defediva unicam 
tr »* bah^ ha bens afymptoton 5 c duo tantum crura Hyperbo. 

Hca juxta afymptoton illam in plagas contrarias in. 
finite progredientia. Et afymptotos ilia eft Ordi- 
nata prima 5 c principalis A G. Si terminus ey non 
deeft figura nullam habebit Diametrum, fi deeft ha* 
bebit unicam. In priori cafu ipecies fic enume- 
rantur. 

Si aequationis hujus a x 4 = b x J -j- c x x -fi d x-| 1 ee 
radices omnes A t, AP, A/, A«r, f ui]t rea i es ^ [ G ] 
asquales, Figura erit Hyperbola anguinea alympto- 
ton ftexu contrario amplexa, cum Ovali conjugata. 
Quae ipecies eft tricefima tertia. 

Si radices dua? mediae A P & Af aEquentur inter 
J’e, Ovalis 5 c Anguinea juugunlur fiefe decuifantes 
in forma A TihIu Quae eft ipecies tricefima quarta. 

Si 
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Si tres radices funt requales, Nodus vertetur in B Z'N- 
cuff idem acutiffimum in vertice anguineae. Et haec 
cftTpecies tricesima quinta. 

Si e tribns ladicibus ejufdem figni dus maxima? 45- 
A p & A w fibi mutuo squantur, Ovalis in funclum 
evanuit. Qua? fpecies eft tricefima fexta. 

Si radices duse quaevis imaginariae funt, fola ma- 
nebit Anguinea fur a fine Ovali, decufiatione, cuf- 
pide vel punebo conjugato. Si Anguinea ilia nor? 42- 
tranfit per pnnfrum A fpecies eft tricefima leptima, 
fin tranfit qoer puntftum illud A ( id quod contingit Ft z- 4^- 
ubi termini b ac d defiant,) pun&um illud A erit 
centrum figuras reft as omnes per lpfum du£tas & 
ad Curvam utrinq; terminatas bilecans. Et hate 
eft ipecies tricefima oftava. 

In altero cafu ubi terminus ey deeft Sc propterea xx. 
foura Diametrum habet, fi aequationis huius ax 3 
^bXX T CX-hd radices omnes AT, At, At, funt ametrum habex- 
reales, inaequales Sc ejufdem figni, figura erit Hyper - ies .’ 
bola Conchoidalis cum Ovali ad convexitatem. Qua? 
eft fpecies tricefima nona. 

Si duae radices funt insequales Sc ejufdem figni 5c % 44 
tertia eft figni contfarii, Ovalis jacebit ad coucavi- 
tatem Conchoidalis. Eftq; fpecies quadragefima. 

Si radices dure minores AT, A t, funt aequales fig. 4$. 

5 c tertia At eft ejufdem figni, Ovalis & Conchoi- 
dalis jungentur fefe decuffando in modum Nodi, 

Quce ipecies eft quadragefima prima. 

Si tres radices funt a?quales, Nodus mutabitur inifc.47: 

Cujf idem & figura erit Cijfois Feterum. Et hxc eft 
fpecies quadragefima fecunda, 



Si 
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Si radices dune majores funt ®quales 
ejufdem figni, Conchoidalis habebit pm<3 um Ula . e ^ 
gatum ad convexitatem luam, eftq; fpecies / u ' 
gefima tertia. ^a-dia- 

Si radices du® funt ®quale$ Sc tertia eft ft • 
trarii Conchoidalis habebit puncfum con^o C ° n ~ 
ad concavitatem luam, eftq; ipecies quadS^"' 
quarts. » eSun a 

Si radices dune funt impoffibiles habebit-m- r 
choidalis jmra line Ovali , Nodo , Cuinid * ° n * 
punflo conjugate. Qua Ipecies eft 
quinta. ° una 

HfrZufir uiK'lf 0 *? fI T° ^ ti0 " ca '“ tominus ,» 
deeft 5c terminus bxx non deeft, Figura erit H 

perbola Parabolics duo habeas crura Hyperbolic l] 
unam Alymptoton SAG & duo Parabolics inph 
gam unam Sc eandem convergentia. Si terminir 
ey non deeft figura nullam habebit diametrum fi,i 
deeft habebit uni cam.. In priori calu fpecies turn 
h®. 

Si tres radices AP, A^, A» ®quationis hujus 
bx 3 +cx +dx+i ee=o funt in®quales Sc ejuldem 
%ni, figura conftabit exOvali Sc aliis duabus Curvis 
quae partim -Hyperbolic®' lunt & partim Parabolics 
Nempe crura Parabolica con tin uo duclu junguntur 
cruribus Hyperbolicis fib! proximis. Et luec eft 
ipecies quadregeiima fexta. 

Si radices du® minores funt ®quales St tertia eft 
ejuldem figni , Ovalis Sc una Curvarum illanim 
Hy per bo 1 O' Pa rabolica rum junguntur Sc fe d ecu flant 
in formam A Todi. Qu® ipecies eft quadragefima 
ieptima. 

Si 
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Si tres radices funt squales, Nodus die in Cufi^-si.. 
;j e n vertitur. Eftq; fpecies quadragefima odava. • 

? si ' ra dices du® majores funt ®quales Sc tertia eft S3- 
ejufdeffi figni, Ovalis in functum conjugatum eva- 
"iuit. Qu® fpecies eft quadragefima non a. 

Si du® radices lunt impoffibiles, manebunt fur# Ti z- ^^4- 
,]jar du® curv® Hyperbolo-pa rabolic® fine Ovali, 
deciiffatione, cufpide vel pundo conjugato. Sc fpe- 
ciem quinquagefimam conftituent. 

Si radices du® funt ®quales Sc tertia eft figm con- ^ 
trarii Citrv® ill® hyperbolo-paraboUc® junguntui 



Quagefima prima. _ 

Si radices du® lunt in®quales Sc ejufdem figni Sc ^ ? * 
tertia eft figni contrarii, figura evadet Hyperbola p 
anguinea circa Alymptoton AG, cum Parabola con- 
jupata. £t h®c eft Ipecies quinquagefima iecunda.' 

' In altero calu ubi terminus ey deeft & figura 
Diametrum habet, fi du® radices ®quatioms hujus tmr Parabolics 
bxx : |-cx-|-d = o funt impoffibiles, du® habentur ha ~ 

figur® hyperbolo -pa rabolic® a Diametro A B hmc f ^ >5 y. 
inde ®qualiter diftantes. Qu® fpecies eft quinqua- 
gefiom tertia. 

" Si®quationis illius radices du® funt impoffibiles, Ft S- S8* 
Figur-® hyperbolo-parabolic® junguntur fefe de- 
cuffantes in morem crucis, Sc fpeciem quinquagefi- 
mam quartam conftituunt. 

Si radices ill® funt in®quales Sc ejufdem figni, ha- %• S9- 
betur Hyperbola Conchoidalis cum Parabola ex 
eodem latere Afymptoti. Eftqj fpecies quinquage- 
fioia quinta. 



Xx 




Si 
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Si radices ilia* funt figni contrarii, hahetur C 
choidalis cum Parabola ad alteras partes Afym ° n ' 
Quae fpecies eft quinquagefima fexta. ^ ^ ot *- 
[Siquando in primo aequationum cafu term' 
uterq; ax 5 & bxx deeft, figura erit Hyperboff 118 
fe&ionis alicujus Comae, HyperbolilVnum fp Us 
voco cujus Ordinata proditapplicando contentum?? 
Ordinata figurse illius & re&a data ad Abiciffam co ^ 
munem. Hac ratione linea reda vertitur inhvn -* 
bolam Conieam, & iedio omnis Conica vertitur J" 
aliquam figurarum quas hie Hyperbolifmos ledtio 
num Conicarum voco. Nam aequatio ad 
de quibus agimus, nempe xyy +ey=cx-^ f eu 
y __ et//eei-4.dxj-4 exx generatur appU_ 



can do contentum lub Ordinata fedionis Conics 
e 4 // ee-ft^dx-f-q-cxx Sl reda data m ad curvarum 

' ” 2 m 



Abfciflam communem x. Unde liquet quod ficm ra 
genita Hyper bolifmus erit Hyperbola?, Eilipfeos vel 
Parabolae perinde ut terminus cx affirmative eft 
vel negativus vel nulius. 

Hyperbolifmus Hyperbolae tres habet afymptotos 
quarum una eft Ordinata prima & principalis Ad 
altera? duae funt parallels Ablciflae AB & ab eadetn 
hinc inde aequa liter diftant. In Ordinata principal! 
Ad cape Ad, A o1 hinc inde sequales quantitati f / c 
& per punda d ac 0,1 age dg, * y Afymptotos Ab- 
fdflae A B parallels. 

Ubi terminus ey non deeft figura nulla m ha- 
bet diametrum. In hoc cafu fi aequationis hujus 
c x x-)- d x-|- e = o radices duae AP, Ap funt reales 

& 
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s imauales ( nam {equates effe nequeunt mb figura %•«<• 

| Conica feflio) figura conftabit ex tribus Hvper- 
ZjfcfiK oppofitis quarum una jacet inter aiymp- 
totos parallels & alterae dux pent extra. Et haec 

l'unt impoffibiles,habentur Hy- 
oerbols duae oppofitae extra afymptotos parallelas & 

Lrainea hyperbolica intra ealdem. Haec figura 
Juarum eft fpecierum. Nam centrum non babet .?—• 
u bi terminus d non deeft ; led fi terminus die deeft 
nun&um A eft ejus centrum. Prior ipecies eft qum- 
nuaaefima odava, pofterior quinquagefima nona. 

1 Quod fi terminus ey deeft, figura conftabit exi%.* 4 - 
tribus hyperbolis oppofitis quarum una jacet inter 
afymptotos parallelas & alterae duae jacent extia ut 
in fpecie quinquagefima quarta, & praeterea diame- 
trum habet qux eft abl'ciffa A B. Et haec eft fpecies 
fexagefima. 

Hyperbolifmus Eilipfeos per hanc trquattonem de-^xxnr. 
finitur xy y-f ey — cx*pd, & un ica m habet alymp- mi £^f eas . 
toton quae eft Ordinata principalis Ad. Si terminus Fg. 6%. 
ey non deeft, figura eft Hyperbola anguinea fine dia- 
metro atq; etiam fine centro fi terminus d non deeft. 
Quadpeeies eft fexagefima prima. 

At fi terminus d deeft, figura habet centrum fine%-^ 
diametro & centrum ejus eft pun&ura A. Species 
vero eft fexagefima fecund a. 

Et fi terminus ey deeft & terminus d non deeft, A?- 
figura eft Conchoidalis ad afymptoton A G, habetqy 
diametrum fine centro, & diameter ejus eft Ablcifta 
AB. Quse fpecies eft fexagefima tertia. 

X x a Hyper- 
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Duo J-/yperbo- 
HJrtii Parabola. 
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£j 

Fig. 69. 



XXVI. 

Trident, 
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Hyperbolifmus Parabola per hane aquafin 
definiturxyy-l ey = d; & duas habet afym n ," em 
Ablciflam AB & Ordinatam prim am & principal^ 1 



A G. Hyperbola veto in hac figura font duse 
in aiymptoton angulis oppofitis led in angufi’ 
font deinceps jacentes, idq; ad utrumq; f atus 

J J J L* V » 1 J _ 1 m . ■ ft U-" 



Fig. 7 6. 



XXVII. 

Paf/tbola quin 
qm divergentes . 



Fig. 70 , 7 T * 



Fig. 72. 
Fig. 73. 



qui 

lcifiirAB, &. vel fine dia metro fi terminus ev 
betur, vel cum diametro fi terminus ille deeft q ~ 
duae fpecies font fexagefima quarta & fexavd? 
quinta. ' D m 

In fecundo aequationum calu habebatnr s?qim' 

xy = ax>-l-bxx-l-cx-H. Et figura in hoc call! 
habet quatuor crura infinita quorum duo font hy 
perbolica circa aiymptoton AG in contrarias partes; 
tendentia & duo Parabolica convergentia 8c cuin 
prioribus fpeciem Tridentis fere efformantia. Eftq- 
hxc Figura Parabola ilia per quam Cartdius xau-t 
tiones lex dimenfionum conftruxit Haec ell iirjt Ur 
fpecies fexagefima lexta. 

In tertio calu cequatio erat yy — ax 5 -j-bxx~|-cx 
■+d, & Parabolum defignat cujus crura divergunt 
ab invieem & in contrarias partes infinite progre- 
diuntur. Abfciffa A Belt ejus diameter 8c fpecies ejus 
font quinq; lequentes. 

Si aeq uationis a x 3 bx'-J-cx+d— o radices otn- 
nes At j AT, At font reales & incequales ? figura eft 
Parabola divergens campaniformis cum Qvali ad 
verticem. Et fpecies eft fexagefima feptima. 

Si radices dux font sequales, Parabola prodit vel 
nodata contingendo Ovalem, vel funtfata ob Ovalem 
infinite parvam. Quae duae fpecies font fexagefima 
o&ava & fexagefima nona. 

Si 



73 , 74 - 
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Sin-cs radices funt equates Parabola erit cufp- fy.-n- 
J ' in veitice. Et hac eft Parabola Neihana qua: 

y l1ao femicubica dicitur. . 

^ radices du* font impoffibilcs, habetur Parabola**. 7 : 

7 irapamtbrmis lpeciem feptuagelimam pnmam 

C ° in quarto cafu iequato erat y~ax rJ^Uniut. 

i d Sc hsec aequatio Parabolam illam iVattifimam ^ ?7> 
defignat qu$ crura habet contrana & cukca di- 
ci lolet. Etfic lpedes omnino lunt feptuagmta 

du g[ j n planum infinitum a punito lucido illmniiia- Gene/is Curvd- 

turn umbras figurarum projiciantur, limbfm leaiO" rum?er vmbrat. 

num Conicarum Temper erunt fediones Conics, em 

Curvarum fecundi generis Temper erunt Curya.' le- 

cundi generis, ege curvarum tertii generis Temper 

erunt Curvse tertii generis, & fic deinceps in mhni- 

tum. Et quemadmodum Circulus umbra m pioji- 

ciendo generat feftiones omnes conicas, lie Parabolas 

quinq; divergentes umbris fuis generant & exln- 

bait alias omnes fecundi generis curvas , & nc 

Curvse qussdam limpliciores aliorum generum inve- 

niri polfunt quoe alias omnes eorundem generum 

curvas umbris luis a pun6to lucido in planum pro-* 

ieftis formabunt. . a . vvv 

Diximus Curvas fecundi generis a linea reda in c J^f m , 
pmiftis tribus fecari Horuni duo nonnun** dupiicia* 

quam coincidunt. Ut cum re£ta per Ovalem infi- 
nite parvam tranfit vel per concurlum duaruin par- 
tium Curvse fe mutuo fecantium vel in culpidem 
coeuntium ducitur. Et fiquando re6t$ omnes in 




dr i 



III 

it 
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plagam cruris alicujus infiniti tendentes Cur 
in imico tantum pundto fecant (ut tit in 0 H; ^ 

PjiraKntlcp Oirfpfi ina? & Ph rahr\la* ~ j l3tlS 



Paraboke Cartefianae 8c Parabolae cubic® nee n 
redtis Abfcifl® Hyperbolifmorum Hyberbol®^ p 1 111 
bolae parallels ) concipiendum ett quod redt$ 'jjj^ 



per alia duo Curvae pundta ad infinitam dift * 
tiam fita ( ut ita dicam ) tranfeunt. Hujufmod" 
interfedtiones duas coincidentes five ad fajita^ 
fiat diftantiam five ad infinitam, vocabimus 1 dij 111 
dum duplex. Curv® autem quse habent pun" 
dtum duplex deferibi poffunt per lequentia Tiieo* 
remata. 

XXXI. 

c™ZZ rr * J-Si anguli duo magnitude dati PAD, PBD circa 

firiptione orga- polos pofitione datos A, B rotentur, 8c eorum crura 
nica.^ a A P, B P concurfu fuo P percurrant lineam regain ■ 
crura duo reliqua AD, BD concurfu fuo D deferi- 
bent fedtionem Conicam per polos A, B tranfeun- 
tem : praeterquam ubi lineailla redta tranfit perpo- 
lorum alterutrum A vcl B, vel anguli BAD, ABD 
fimul evanefeunt, quibus in cafibus pundtum D de- 
lcribet lineam redtam. 

2 . Si crura prima A P, BP concurfu fuo P 
percurrant fedtionem Conicam per polum alter- 
utrum A tranfeuntem, crura duo reliqua A D, BD 
concurfu fuo D defcribent Curvam fecundi gene- 
ris per polum alterum B tranfeuntem 8c pun- 
diim duplex habentem in polo primo A pier quern 
lectio Conica tranlit : praeterquam ubi anguli 
BAD, ABD fimul evanefeunt, quo cafu pun- 

6tum 
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am D deferibet aiiarn fedtionem Conicam per po- 
lum A tranfeuntem. 

2 . At fi fedtio Conica quam pundtum P percur- 
j t tranfeat per neutrum polorum A, B, pundtum 
fi) deferibet curvam fecundi vel tertii generis pun- 
ctum duplex habentem. Et pundtum illud duplex 
in concurfu crurum deferibentium, AD, BD in- 
venietur ubi anguli BAP, A BP fimul evanefeunt. 
Curva autem deferipta fecundi erit generis fi an- 
mili BAD, ABD fimul evanefeunt, alias erit ter- 
rii generis 8c alia duo habebit pundta duplicia in 
polis A & B. 



Jam fedtio Conica determinatur ex datis ejus Cu _ 

pundtis quinq; 8c pei eadem fie delciibi poteft. nicarum dejbrip- 
Dentur ejus pundta quinq; A, B, C, D, E. Jun -thperdataquin- 
gantur eorum tria qu® vis A, B,C & trianguli ABC ?, ' , ^"* ffA 
rotentur anguli duo quivis CAB, C B A circa ver- 
tices fuos A 8c B, 8c ubi crurum A C, B C interfedfio 
Cfucceffivc applicaturad pundta duo reliqua D,E, 
incidat interfedtio crurum reliquorum A B & BA 
in pundta P & Q, Agatur 8c infinite producatur 
redtaPQ, 8c anguli mobiles ita rotentur ut inter- 
fedtio crurum AB, BA percurrat redtam PQ, 8c 
crurum reliquorum interledtio C deferibet propofi- 
tam fedtionem Conicam per Theorema primum. 

xxxnr. 

Curvae omnes fecundi generis pundtum duplex cundi^i mZ 
habentes determinantur ex datis earum pnndtis^ I<w ^ ' h *~ 
feptem, quorum unum eft pundtum illud duplex, ^ ’ d 

8c /««7 
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& per eadem punda fie del'cribi pofTunt tv 
C urv* defcribenda: punda quaelibet feptem a '^r 
D, E, F, G quorum A eft pundum duplex t 
gantur pundum A Sc alia duo qua vise m ln A- Jun ' 
B Sc C ; & trianguli ABC rotetur turn W?* 
CAB circa verttcem fuuin A, turn ansulonim^ 
quorum alteruter A BC circa verticem ibum H ^ 
ubi crurum AC, BC concurlus C fueceffive a.. r 
catur ad punda quatuor reliqua D, E F G jV] 
concurlus crurum reliquorum AB & B \ ; n ,! CI 7 
quatuor P, Q, R, S. Per pun*, ilia quaCr &- 
quintum A defcribatur ledio Conica, Sc angulj 
tati C A B, CBA ita rotentur ut ourum A B R a 
concurlus percurrat fedionem ilium Conicam ' ■ 

* concur fus reliquorum crurum AC, BC defend 
Curvam propofitam per Theqrema iecundum. 

Si vice pundi C datur politione reda BC qi3ffi 
Cuivam ddcribendam tangit in linear AD p 
coincident, & vice anguli DAP habebitur linearefo 
■circa polum A rotanda. 

Si pundum duplex A infinite diftat debebit Re6h 
ad plagam pundi illius perpetuo dirigi Sc motu pa- 
rallelo ferri interea dum angulus ABC circa polum 
B rotatur. 

^ Ddcribi etiam pofTunt hae curvae paulo aliter per 
J heorema tertium, Ted deferiptionem limpliciorem 
pofuifTe fufficit. 

Eadem methodo Curvas tertii, quartiSc fuperio- 
imm generum deferibere licet, non omnes quidem 
led quotquot ration e aliqua commoda per motum 
localem ddcribi pofTunt, Nam curvam aliquam 

fecundi 
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fecundi vel fuperioris generis pundum duplex non 
habentem commode defer ibere Problema eft inter 
difficiliora nmnerandum. 

Curvarum ulus in Geometria eft ut per earum XXXIV. 
interfediones Problemata folvantur. Proponatur ^JmZnperZ 
gquatio conftruenda dimenfionum novem x 9 *-|-b x 7 fay tio»emCw~ 
4- c x 6 - \ - d x ? + e x + -[ f x ? - \ ■■ g x x -|- h x -j- k = o. Ubi varum ‘ 

~T m 

b, c, d, Isfc. Significant quantitates quafvis datas 
Tgnis Tuis -f- Sc — * aftedas. AfTumatur sequatio ad 
Parabolam eubicam x 3 = y, & sequatio prior, Tcri- 
bendo y pro x J , evad et y ; -fbxy y cyy-j-dxxy 
q-exy"bm yd-Tx I -|-gxx-|-hx-|'k = o, oequatio ad 
Curvam aJiam fecundi generis. Ubi m vel f deefte 
poteft vel pro lubitu aftumi. Et per harum Curva- 
rum deicriptiones & interfediones dabuntur radices 
aquation is conftruendae. Parabolam cubicam Temel 
deferibere fufficit. 

Si aequatio conftruenda per defedum duorum ter- 
minorum ultimorum hx & k reducat ur ad feptem 
dimenliones, Curva altera delendo m, habebit pun- 
fturn duplex in prmcipio abfcifTse, & inde facile de- 
fer ibi poteft ut fupra. 

Si aiquatio conftruenda per defedum termino- 
rum triuin ultimorum gxx-|-hxq-k reducatur ad 
fex dimenliones, Curva altera delendo f evadet 
fedio Conica. 

Et ii per defedum fex ultimorum terminorum 
squatio conftruenda reducatur ad tres dimenliones, 
incidetur in conftrudionem IVaUijlmam per Para- 
bolam cubicam Sc lineam redam. 



y 
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Conftrui etiara poflunt aequationes per Hvda l 
lil’mum Parabola cum diametro, Ut fi conftfij 
fit hcec aequatio dimenfionum no vein termino n/ ? 
timo carens, a-j-cxx-[-d x 3 -|- ex 4 -j- f x -{ g x 6 -jqf 

H'fn 

+ kx 8 +- 1 x ^=0 ; aiiumatur a-quatio ad HvneiWr 
mum ilium xxy = i & fcribendo y pro L . 
conftruenda vertetu r i n hanc a y 1 -p c y y d x v v 

-1- f X y + m x x y-|- g + h X -I- k X X 4- 1 X> = O, amlm 

vam fecundi generis defignat cujus defcripti on » 
Problema folvetur. Et quantitatum m ac g alte 
utra hie deefle poteft, vel pro lubitu aftumi. 1 

Per Parabolam cubicam & Curvas tertii generis 
conftruuntur etiam aiquationes omnes dimentonuni 
non plufquam duodecim, & per eandem Parabolam 
& curvas quarti generis conftruuntur omnes dimen- 
fionum non plufquam quindecim, Et fic deinceps in 
infinitum. Et curvae illae tertii quarti Sc fiiperiorum 
generum deferibi Temper polTunt inveniendo eoruin 
punfta per Geometriam planam. Ut fi conftruenda 
fit sequatiox 1 * * +ax 10 -j-bx 9 -j-cx 8 -)-dx 7 -|-ex 6 d-fx' 
+gx< + h x J + ix * + kx + 1 = o , & deferipta. 
habeatur Parabola Cubica * fit aequatio ad Pa- 
rabolam illam cubicam x 3 — y , & fcribendo y 
pro x 1 aequatio conftruenda vertetur in hanc 
y4 4"axy 3 -(-cxxyy -|-fxxy -|-ixx=o ? quae eft 
-fb -\-dx -j-gx -(-kx 

aequatio ad Cur vam tertii generis cujus deferiptione 
Problema folvetur. Deferibi autem poteft haec Curva 
inveniendo ejus punfta per Geometriam planam, prop- 
terea quod indeterminata quantitas x non niil ad 
duas dimenfiones afeendit, 
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^onesperHype^ 

ovem termi"o 
ex'-j-fx + gx ^ 

H-m 

,uat 10 ad Hyperboi if _ 
ld t ° y P" S> equal 

+^H;d X yy + 

: x | lx*- 0) (juaeciirl 
t cujus delcriptione 
Ltatum m ac a a i ter 

.nbituaffumi. 

Curvas tertii generis 
omnes dimenfionum 
r eandem Parabolam 

mntur omnes dimen- 
n> Et fic deinceps in 
cjuarti & fupenorum 
it inveniendo eorum 
* Ut fi conftruenda 
:x 8 ^ d x 7 -)~e x 6 -^fx 5 
— o , & defcripta 



fit sequatio ad fa- 
y , & fcribendo y 
vertetur in hanc 
r ixx-o, qua: ell 

4-k x 
. . 

is cujus delcriptione 
:ein poteft h#c Curva 
etriam planam,jprop- 
ntitas x non nifi ad 
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INTRODUCING). 



Q Uantitates Mathematicas non ut ex partibus 
quam minimis conftantes, fed ut motu conti- 
nuo defcriptas hie confidero. Linece deferi- 
buntur ac deferibendo generantur non per appoft- 
tionem partium fed per motum continuum pundto- 
rum, fuperficies per motum linearum, iolida per 
motum fuperfitierum, anguli per rotationem late- 
rum, tempora per tluxum continuum, & fie in coe- 
teris. H* Genefes in rerum natura locum vere lia- 
bent & in motu corporum quotidie cernuntur. Et 
adhunemodum Veteres ducendo redtas mobiles in 
longitudinem redfcarum immobiiium genefin docue- 
runt redtangulorum. 

Gonftderando igitur quod quantitates sequalibus 
temporibus crefcentes Sc crefcendo genitse, pro velo- 
eitate major; vel minori qua crefcunt ac generantur, 
evadunt majores vel minores ? methodum qimebam 

deter- 
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determmandi quantitates ex velocitalibus motim 
vel in crementorum quibus generan tur ; Sc has m' 01 
tuum vel incrementorum velocitates nominando Fl°' 
clones Sc quantitates genitas nominando Flumes 
cidi paulatim Annis 1665 & 1666 in Methodu m pij 5 ' 
xionum qua hie ulus fum in Quadratura Curvarum 

Fluxiones funt quam proxime ut Fluentium aug . 
menta asqualibus temporis particulis quam mining 
genita, Ik ut accurate loquar, funt in prima ration' 
augmentorum nafeentium ; exponi autem poflunt per 
lineas quafeunq; qux funt ipiis proportionales ' in 
fi ares ABC, A B D G Orclinatis BC, BDfupeJ 
bah A B uniformi cum motu progredientibus defcii 
bantur, harum arearum fluxiones erunt inter ie ut 
Ordinate deferibentes BC & BD, & per Ordinates, 
illas exponi poflunt, propterea quod Ordinate ilk* 
funt ut arearum aug menta nalcentia. P r0 gre- 
diatur Ordinata BC de loco fuo BC in locum 
quemvis novum be. Compieatur parallelogram, 
mum BCEb, ac ducatur reda VTH qua' Cur- 
vam tangat in C ipfifq; be & B A produ&is occur- 
rat in T Sc V: Sc Abfciflse AB, Ordinate BC, & 
Linese Cur vae ACc augmenta modo genita erunt 
Bb, Ec Sc Cc; & in horum augmentorum nafeen- 
tium ratione prima funt latera trianguli CET,ideoq; 
fluxiones ipfarum AB, BCScAC lunt ut trianguli 
films CET latera CE, ETSc CT Sc per eadem 
latera exponi poflunt, vel quod perinde eft per la- 
tera trianguli confimilis V B C. 

Eodem recidit li fumantur fluxiones in ultima 
ratione partium evanefeentium. Agatur reda Cc 
& ^roducatur eadem ad K* Redeat Ordinata be 
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in locum fuum priorem B C, & coeuntibus punStis 
C Sc c, reda C K. coincidet cum tangente C H, Sc 
triangulum evanefeens CEc in ultima fua forma 
evadet fimile triangulo GET, Scejus latera evanef- 
centia CE, Ec & Cc erunt ultimo inter feut funt 
trianguli alterius GET latera CE, E F Sc C F, Sc. 
propterea in hac ratione funt fluxiones linearum AB, 

BC Sc AC. Si punda C & c parvo quovis inter- 
val! o ab invicem diftant reda CK parvo intervallo a 
tangente CHdiftabit. lltreda CK cum tangente 
CH coincidat Sc rati ones ultimse linearum CE, E c Sc 
Cc inveniantur, debent pun6ta C Sc c coire Sc om- 
nino coincidere. Errores quam minimi in rebus 
mathematicis non funt contemnendi. 

Simili argumento fi circulus centro B radio B C . 
deferiptus in longitudinem Abfciflse A B ad angulos 
redos uniformi cum motu ducatur, fluxio folidi ge~ 
ntti ABC eritut circulus ille genera ns, & fluxio fu- 
perficiei ejus erit ut perimeter Circuli illius Sc 
fluxio lineae curv£E A C conjundim. Nam quo tem- 
pore folidum ABC generatur ducendo circulum 
ilium in longitudinem Abfciflae A B, eodem fuper- 
ficies ejus generatur ducendo perimetrum circuli il- 
lius in longitudinem Curvae A C 

R/BaTB circa plum datum P revolvens jecet aliam Fig. 2 < 
pfitiom datum rettam AB : ^uasritur frofortio fluxio* 
mm reUarum illarum A B { 5 Progrediatur 

reda PB de loco fuo PB in locum novum Pb. In 
P b capiatur P C ipfi P B sequalis, Sc ad A B ducatur 
PD fie, ut angulus bPD sequalis fit angulo bBC ; 

Sc ob fimilitudinem triangulorum bBC, b P D erit 
augmentum Bb ad augmentum Cb ut Pbad Db, 

Redeat 
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Redeat jam Pb in locum fuurn priorem PB ut aim 
meuta ilia evanefcant, & evanelcentium ratio 2' 
ma, id ell ratio ultima PbadDb eaeritn, , 
PB ad DB, exiftente angulo PDB’refto, 

iplbi • P IT latl ° ne £ft HuXi ° ipflUS A H fluxionea 

, Re f a ? B circa datum Tolum T revolver f em 
oiiaz dm. fofitwne datas redos A B b' A E hi R \l 

AB% Cr % ^^ofiuximum redarum \uorL 

ll b r , 1 r °S rediatur re £a rcvol vens V B de 

loio Uio 1 b in locum novum P b rea as A B, AE j, 

B Lmdls *? % ^ fecantem, St redae AE parallek BC 
ducatur lpfi P b occurrens in C, & erit B b nd Ur 

A b ad Ac, & BC ad Ee ut P B ad PE & coniunft* 
rationibus Bb ad Ee ut Ab xPB'S "S 
Redeat jam lmea P b in locum fuum priorem PR v' 
augmentum eyanqlcens Bb erit ad augment™, evn 
neicens Ee ut ABxPB ad AExP?; ide0(| £ 

hac rationeelHluxioreaaiAB ad Wonem l k£ 

Hinc fi recta revolvens PB lineas quafvis Gums 
politione datas lecet in pundtis R 8; E, & reCltc iatw 
mobiles A B,AE Gurvaslllas tangant in Seaionum 
punCtis B & E: erit fluxio Curvi quam recla, AB 
tangit ad tluxionem Curvse quam redaAE tanrif 

AH ^ E - l!l W* 

uglcI 1 b Curvam ahquam politione da tam perpe- 
tno_tangat in pundo mobili P. 11 

blunt quantum x umformiter & mvenienda fit fluxio 
quanta ails x\ Quo tempore quautitas x fiuendo 
evadit x|-o, quantitas x" evadet x-]o| ^ id eft 
per method um ferierum infinitarum, x^-j-nox^ 1 



[ ^9 ] 

^«tfoox n ' 2 'l-b‘c. Et augmenta o & nox^H-S^oox*' 2 
-j-frr. funt ad invicem ut i & nx u - 1 -|-^ox n - 2 -|- y c , 
Evanefcant jam augmenta ilia, & eorum ratio 
ultima erit i ad nx M : ideoq; fluxio quantitatis 
x eft ad fiuxionem quantitatis x n ut i ad nx 0 ' 1 . 

Similibus arguments per methodum rationum 
primarum & ultimarum colligi poffunt fluxiones li- 
nearum feu redarum feu curvarum in cafibus qui- 
bufeunque, ut & fluxiones fuperficierum, angulo- 
rum & aliarum quantitatum. In finitis autem quan- 
titatibus Analylin fic inftituere, 8t finitarum nafcen- 
tium vel evanefcentium ratiories prim as vel ultimas 
inveftigare, confonum eft Geometric Veterum : & 
volui oftendere quod in Methodo Fluxionum non 
opus flt figuras infinite parvas in Geometriam intro- 
ducere. Peragi tamen poteft Analyfis in figuris qui- 
bufcunq; feu finitis feu infinite parvis quae figuris 
evanefcentibus finguntur fimiles, ut & in figuris quae 
pro infinite parvis haberi folent, modo caute pro- 
cedas. 

Ex Fluxionibus invenire Fluentes Problema dif- 
ficilius eft, St folutionis primus gradus sequipollet 
Quadrature Curvarum ; de qua fequentia olim 
fcripfl. 
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Quadmtura Curvarum. 

Q Uantitates indeterminatas - ut niotu peroetifo 
; creicentes vel decrefcentes, id eft ut Cn 
tes vel defluentes in fequentibus eonfidero-defonon- 
1.1 tens z ? y 3 Xj v r 8c earura fluxiones leu edentates- 

crefcendi noto iifdem literis pun&atis z, v x v 
Sunt & harum ftuxionum fluxiones feu mutationes 
magis aut minus ederes quas ipfarum z, y x v 
fluxiones fecundas nominare licet & 17c dignare 

z ? y> x > v *i harum fluxiones primas feu ipfarum 

z : b x d v . fluxiones tertm fic z, y, x, v 3 & quartas lie 

** ** i* ** .it*. 

* i * • * * • • 

z, y, x, v. £t quemadmodum z, y, x, v funt flu- 
xiones quantitatum z,y, x, v, & hae funt fluxiones 

* »*i 

quantitatum z ? y ? x, v & has flint fluxiones quantita* 
tumprimarum z, y,x, v : fie hae quantitates conflde- 
rari pofliint ut fluxiones aliarum quas lie defignabo, 



C 17 * ] 



z, y, x, v, & hse ut fluxiones aliarum z, y, x, v, & 

hoe ut fluxiones aliarum z, y, x, v. Defignant igitur 

• ** ** 
t lr < i «* *1* 

z, z, z 7 z 7 z 7 z 7 z, z l?V. feriem quantitatum quarum 
quoelibet pofterior eft fluxio precedents & quaelibet 
prior eft fluens quantitas fluxionem habens fubfe- 

quentem. Similis eft feries ^az — zz, /^az — zz, 



/ a z — zz , /^az — zz , A'az — zz , /^az — zz , ut &: 
feries az ^“* z * az^-z 1 az-(-z 2 az-j-z 2 a z4-z* 

a — z a — z a — z a — z a — z 



, 9 
az-j-z : 



Et notandum eft quod quantitas quaelibet 



a — z 



prior in his feriebus eft ut area figure curvilinise 
cujus prdinatim applicata reftangula eft quantitas 

pofterior & abfeifla eft z : uti f/ az — zz area curvae 



cujus ordinata eft f/\ \ az — zz & abfeifla z. Quo an- 
tem fpedtant hose omnia patebit in Propofitionibus 
quae fequuntur. 



Zz 2 



PROP. 



PROP. I. PROB. I. 



Data equatime quatcmuq-, fiuentts quantitates tmd 
vente 7 mvenire jluxiones. 

Solutio. 

Multiplicetur omnis aequationis terminus per i n „ 
dicern^ dignitatis qnantitatis cujufq; fiuentis q Uara 
involvit, Sc in fingulis multiplicationibus mutetur 
dignitatis latus in fluxionem fuam, Sc aggrega- 
turn fadoruni omnium fub propriis Ji^nis erit 
sequatio nova. 

Explicatio. 

Sunto a, b, c, d quantitates determinate Sc 
immutabiles, Sc proponatur aequatio quaevis quan- 
titates fiuentes 2, y, x IsV. involvens, uti x 5 — xyy 
a a 2 — -b 1 — o. Multiplicentur termini primo per 
indices dignitatum x, & in fingulis multiplicationi- 
bus pro dignitatis latere, feu x unius dimenfionis, 

fcribatur x,& fumma fadorum erit 3 x x 1 — x y y .Idem 
fiat in y Sc prodibit — xyy. Idem fiat in z Sc pro- 
dibit a a z. Ponatur fumma fadorum aequalis ni- 
nilo, Sc habebitur a?quatio 3; x x 1 — xyy — s x y y 

4 - a a z = o. Dico quod hac squatione definitur re- 
latio fluxionuim 

De- 



Demonftratio. 

Nam fit o quantitas admodum parva Sc funto 
• * * 

oz, oy, ox, quantitatum z, y, x momenta id eft in- 
crementa momentanea lynchrona. Et fi quantita- 
tes fluentes jam funt z, y Sc x, hae poft momentum 

* • * 

temporis incrementis fuis oz, oy, ox audae, evadent 
* * • 

z-|-o z, y-}-oy, x-j-ox, quce in squatione prima pro 

z, y Sc x fcriptac dant aequationem x^-j-^xxox 
* * ■ * » * * 

-|- jxooxx -|- o 3 x 3 — xyy — oxyy — 2x0 yy — 2 xooyy 
• • • ■ • • 

— xooyy — xo 3 yy~|paaz-|'aaoz— — o. Subducatur 

aequatio prior, Sc refiduum divifum per o erit ^xx* 

• * . * » * < 

-]-3xxox -|-x 3 oo — xyy — 2 xyy — 2xoyy — xoyy —xooyy 
-|-aaz=o. Minuatur quantitas o in infinitum, Sc neg- 

ledis terminis evanefcentibus reftabit gxx 2 — xyy 

* * 

— xyy -faaz - o. Q. E. D. 

Explicatio pleniof. 

Ad eundem inodum fi asquatio effet xs — xyy 

-]-aa / ax — yy — bg =0, produceretur %x 2 x — xyy 

-»xyy-faa/i ax — yy = o. Ubi fi fluxionem /^ax—yy 

tollere velis, pone ax — yy= z, Sc erit ax — yy = z a 

Sc. 
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& (per hanc Propofitionem ) ax — *yy=2 Z2 ^ 

• # + * 
ax — 2 yy 

* ^ ■ — — */ nnr atr j j . 2? 

~yy * E t 



z , hoc eft 



Vax- 



- a yy r- 
- = r ax^ 



-yy 



. ' ■ , a 3 x — aaayy 

inde 3 x 2 x — xyy — s xyy-|- tL = o 

V' ax — -yy 

Et per operationem repetitam pergitur ad fluxio- 
nes lec undas , tertias & fequentes. Sit aequatio 
zy 3 — z+-|-a4 = o, & Het per operationem primam 

zy^^zyy 2 — 4-zz 2 = o , per fee undam zy^zyy* 

^zyy^zy 2 y— fzz3— iaz^*=o, per tertiam 

* * ** * » ** a 1 1 



z y ! + 9zyy 2 4- 9 z yy* 4- 1 %,y 4- ?zyy s 4- >&m 

* *% *t * * ^ " 

rY*6zy 3 4-ZZ3 — 3 6zZZ 2 24 .Z 3 Z =- 0 . 



Ubi vero fic pergitur ad ftuxiones fecundas, ter- 
tias & fequentes, convenit quantitatem aHquatiuit 
uniformiter fluentem confiderare,& pro ejus iluxione 
prima unitatem icribere, pro fecunda vero & & 
quentibus ni hil. Sit aequatio zy 3 — z, 4 -J-, a4 = 0, ut 
iupra & ftuat z uniformiter, fttq; ejus fluxio unitas, 

Scfiet per operationem primam y 3 -j~3£yy 2 — 4Z3=o, 
* •* * 

per fecundam 6yy 2 ^zyy 2 -\- 6zy 2 y — 1 2z 2 = o, 

per tertiam 9yyH- i8 y 2 y+3 z yy 2 -H 8 w+ 6z y$ 

—242=0. 
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In Kujus autem generis aequationibus concipien- 

dum eft quod ftuxiones in lingulis terminis fint ejut- 

* ■ 

dem ordinis, id eft vel omnes primi ordinis y, z y 

•1 » * * • 

vel omnes fecundi y, y 2 , yz, z 2 , vel omnes tertii 

*1 * •» * * • * • • * 

■ y? yy^ y z ? y*%y% y 22 £ 3 & c - Et ubi res aliter fe 
habet complendus eft ordo per fubintelle&as ftuxio- 
nes quantitatis unitormiter fiuentis. Sic requatio 

novimma complendo ordinem tertium fit ^zyy 2 

p * * 7 * **. t * 

18 zy 3 y-j-> 3 Zyy 2 -\- 1 8zyyy^6zy 3 — -24ZZ 3 = o. 



PROP. II, P ROB. II. 

Invenire Curvas quee quadrari fojfunt. 

Sit ABCfigura invenienda, BC Ordinatim ap- Kg. 4., 
plicata re&angula, & AB abfeifia. Producatur 
CB ad E uf fit BE=i, & compleatur paraHelo- 
grammum ABED ; & arearunx ABC, ABED 
ftuxiones erunt ut BC & BE. Afluraatur igitur 
yquatio quaevis qua relatio arearum definiatur, & 
inde dabitur relatio ordinatarum BC & BE ner 
Prop. I. Q. E. I. ^ 

Hujus rei exempla habentur in Propofitionibus 
duabus fequentibus. 



PROP. 
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PROP. III. THEOR. I. 

Si pro abfcifla A B 8c area AE feu ABxi Pr 
milcue fcribatur z, & fi pro e -|-.fz" Egz 2 " -W hz^A°' 
fcribatur R: fit autem area Curvse zjR ■ erit’ 

ordinatim applicata B C = 

#e i'L f2 ’ tl& 2 " hz« + &c. in z •" R« 



Demonftratio. 

* i • v i / , 

Nam fi fit z»R*-=v, erit per Prop. i T hz^Kx 
* * * 

4-az 6 RR m = v. Pro Ra in primo Eequationis ter- 
mino 8c z 6 in fecundo fcribe RR*' 1 & zz® 1 , & fiet 

9zR-|-azR in z fl l R\, — v. Erat autem R=e-[-.fz» 

-pgz^-j-hz 3 " &c. & inde per Prop. r. fit R =; 

Azz^ 1 A-^gzz 2 ** 1 -^p inhzz 3,rl -\- See. quibus fubftitu- 
* * 
tis & fcripta BE feu i pro z, fiet 

* e ^^J^ A> gz ! "41« hz3 '+’ &c - in z*- 1 R‘-‘ =V=BC. 

Q. E. D. 



PROP. 
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PROP. IV. THEOR.iL 



1 



Si Curvir abfcifla A B fit z, & fi pro ep- fz* -j-gz 2 * 
-1 -&c. lcribatur R, & pro k-(-lz*-]-mz 2 "-p ike. feri- 
batur S ; fit autem area Curvoe z a R* S* : erit or- 
dinatim applicata BC=. 



•6*45- ft z" }l„g kz ’* • * * 



v 



-\~M» 



el z* 



-i-a« t * ?j2rt ^ in z^R^S * 4 * 1 

I I 






jfl emz 2 " 



(MH 

i, g™ 4 " 



Demonftratur ad mod urn Propofitionis fuperioris. 



PROP. V. THEOR. TII. 



Si Curvae abfcifla AB fit z, Sc, pro e-pfz"-|-gz 2 * 

-\- hz 3l > + &c. fcribatur R : fit autem ordinatim ap- 
plicata z 9l R*' [ in a -|-bz" -j-cz 3rt -\-dz**-\- 8cc. 8c po- 

natur *=r. r+*=s. s^'*=t. t-|-A=v.&c. erit area 

z«R. i> Jd^flgjgB^rhA 



r e 



r-\- 2, e 



r -4-3,e 



;+ 4iO£g<-.-;hB Z 4. + &c Ubi A) B) C) Dj &c _ 

A a a denotant 



rH-4,e 
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denotant totas coefficientes datas termkorum fin 
lorum in ferie cum fignis fuis-^Sc— nempe A p r j^j 

termini coefficientem B fecnndi coefficientem 

«b — sfA r .. wcZ s t fB — tgA 

1 O ter tn coefficientem, L. r 

rq~i“ 

fic deinceps. 



Demonftratio. 



Sunto juxta Propofitionem tertiam, 

Cnrvarum Ordinata: 

•eA :^/Az-^gAz^:| 4 hAz«&c. 1 

■ • • «T=. eBz» z s " +g?gBz» &c. [ ^ Rw 



+ e +2»,eCz 2 ^+ s «fCz 5, ‘ See. 
•+H-3* ? eDz 3 “Scc.i 



& earundem are®, 
Az e R\ 

Bzfl-H Ra. 



Cz 9 "i" 2 " R\ 
D#ri« R\ 



Et ii fumma ordinatarum' ponatur sequalis ordi- 
natae a^bz"^cz 2,, '|-dz ?, '-]p Sec. in z^'R*' 1 , fumma 
arearum z 0 R A in A-j-Bz»-j-Cz 2 ' , -j~Dz 3,, -[- Sec. #qua- 
liseritarese Curvae cujus ifta eft ordinata. iEqueii- 
tur igitur Ordinatarum termini correlpondentes, & 

fi.et a = .eA, b=^|A£eB, c= +! LgAff’ fB 



, „ ,, _ . , a A b — -,'fi+Ai»fA __ T) 

^a-]- 2rt} eC See. Sc inde p - A. - — ~^=r- B. 

c — 1H2AM, gA— _ 



6 -Hk, e 



fRe 

C. Et fic deinceps in infi- 
nitum 



; 
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nituin. Pone jamt=r. s+»=t &c. & 

in area z 0 R** A+Bz"-f Cz 2 "-f Dz 3 " & c * Rribe ij> 
lorum A, B, C, Sec. vaiores inventos Se prodibit 

feries propohta. Q. E. D. 

Et notandum eft quod Ordinata omms duobus 
modis iu feriem refolvitur. Nam index” vel affir- 
mativus eft poteft vel negativus. Proponatur Ordi- 

3 -- lzz - — Hsec vel fic lcribi poteft 



nata 



zzV k z— lz 3'l' raz 4* 



2-bqk — lzzxk — lzzft-mz^, vel fkzx-l+fkz* 

Xm'-lz~‘-pkz“ 3 |' — i. In cafu priore eft a == 5k. b = o. 
c=-I. e=k. f=o. g— -1. h=m. *=—i. *=1. 
a-i=s-J. »=“I= r- s— -1. t=- 2 . v=o. In 
pofteriore eft a=— L b=o. c=qk. e=m. f— -I, 
g=o. h=i. a=_j. »=-i. 1 . •==***. r— -2. 

s=— 1 1. t=— 1. y=—[. Tentandus eft cafus uter- 
que. Et fi ferierum alterutra ob terminos tandem 
deficientes abrumpitur ac terminatur, habebitur area 
Curvae in terminis finitis. Sic in exempli hujus 
priore cafu feribendo in ferie vaiores ipforum a, b, 
c, e,f,g, h, a, a, r, s, t, v, termini omnes poft pri- 
mum evanelcunt 111 inlinitum Se area Curvoe prodit 

- — Et ha?c area ob fignum negativum 
adjacet abfciffse ultra ordinatam product ae. Nam 
area omnis affirmativa adjacet tarn abfeiflae quam 
ordinata?, negativa vero cadit ad contrarias par- 
tes ordinate Se adjacet ablciffa? produSlse, manente 
fcilicet figno Ordinata?. Hoc modo feries alter- 
utra Se nonnunquam utraque Temper terminatur 
Se finita evadit fi Curva geometrice quadrari po- 
teft. At fi Curva talem quadraturam non admit- 
tit, feries utraq; continuabitur in infinitum, Sc ea- 

A a a 2 rum 



Ji 
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rum altera converget 8c aream dabit approyim^j 
prater qua in nbi r ( propter aream infinitum i ^°? 
mhil eft vel numerus integer & negative vei l\Tl 
^qualis eft unitati. Si * minor eft unitate, conver 
get leries in qua index » affirmativus eft ; ft n * Un j 

te major eft, converget feries altera. In un 0 c ?\t 
aiea adjacet abiciilx 5 ad ufq; ordinatam d lifts ; 
altero adjacet ablciffae ultra ordinatam produ&r’ ° 
^ota infuperquod fiOrdinata contentum eft'fnK 
faftore rational! Q & More furdo irreducibili R. 
ec fa&oris furdi latus R non dividit fadorem ratin’ 
nalem Q; erit a— i =t &. R*- 1 - R^. Sin fadoris lu r - 
M latuS R dividit fad or ern rationalem femel erir 

1 , & Rvi =R T ' 1 ‘ r : fi dividit bis ’ erit 
A i- — ir-\-2 St R vt =R t ‘ 1" 2 : fiter, erit a— i — T \ , 
Si R*- J 3 ; Sc fic dein ceps. 

Si Ordinata eft fradio rationalis irredudbilis cum 
Denoininatore ex duobus vel piuribus terminis com- 
pofito : refolvendus eft denominator in divifores 
fuos omnes prknos, Et fi divifor fit aliquis cui 
nullus alius eft aequalis, Curva quadrari nequit : 
Sin duo vel plures fint divifores scquales, rejicien- 
dus eft eorum unus, &. fi adliuc alii duo vel plures 
fint fibi mutuo aequales & priorihus inscquales, re- 
jiciendus eft etiam eorum unus, 8c fic in aliis omni- 
bus sequalibus fi adhuc plures ftnt : deinde divifor 
qui relinquitur vel contentum lub diviforibus omni- 
bus qui relinquuntur, fi plures lunt, ponendum eft 
pro R, 8 i ejus quadrati reciprocum R' 2 pro R vl ,prae- 
- terquana ubi contentum illud eft quadratum vel cu- 
bus vel quadrato quadra turn, See. quo cafii ejus latus 

ponen- 



ti8i] 

ponendum eft pro R Sc poteftatis index 2 vel 3 vel 4 
negative fumptus pro a. Sc Ordinata ad denomina- 
torem R l vel R 3 vel R 4 vel R s Sec. reducenda. 

Ut fi ordinata fit — *S=U+=§?3- ro : quoniam lure 

254-24 — 5Z3 — Z2 — 4 ? 1 

fra&io irreducibilis eft Sc denominators divifores 
funt pares, nempe z — r, z — r, z — 1 & z-42, 
z-| 2 , rejicio magnitudinis utriufque diviforem 
unum Sc reliquorum z — r, z — 1 , z-|-2 conten- 
turn z 3 — 324-3 pono pro R & ejus quadrati re- 
ciprocum feu R~ 2 pro R* — Dej.11 Ordina- 
tam ad denominatorem R = feu R I— * reduco, & fit 

id eft Z 3 X 8 - 9 z-fz 3 x 2 -“jz’-pzsf 3 

quad.’ 

Et inde eft a = 8, b=— 9. c = o. d=—i, See. 
e — 2 . f ~ ^ „ g — o . !i— 1. k 1 — 2 . ^ — — 1‘« 

„= 1. 9-1 = 3. 9 — 4 = 1'. s=3- t = 2. v=i. Et his 
in ferie feriptis prod it area terminis om- 

nibus in tota ferie poft primum evanefeentibus. 

Si deniq; Ordinata eft fracHo irreducibilis & ejus 
denominator contentum eft fub ta Store rational! Q 
Sc faStore furdo irreducibili R% inveniendi funt la- 
teris R divifores omnes primi, Sc rejiciendus eft di- 
vifor unus magnitudinis cujufq; Sc per divifores 
qui reftant , fiqui fint , multiplicand us eft faffor 
rationalis Q : Sc fi faStum xquale eft later! R vel 
lateris illius poteftati alicui cujus index eft numerus 
integer, efto index ille m, Sc erit a— 1 m, & 

UtfiOrdkatafit^^^Sf^, 

q^—SX^CUb. o a -|-qqX — qxx — xl 

quoniam 



m 




i 
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quoniam faftoris furdi latusR feu q^-Vqqx-qxx'.- 
diviiores habct q+x, q+x, q — x qui duarum funt 
magmtudinum, rejicio divitorem unum magnitude 
nis utriufq; & per diviforem q+x qui relinquitur 
multiplico fa&orem rationalem qq — xx. Et q Uo 
nkm fadtum q;j + qqx — qxx — x} aequale eft 1 3 ,' 
teri R,poao m=i . & inde, cum * fit fit k-i-J 
Ordinatam igitur reduco ad denominatorem R-4 

& fit Z ° X ^qM- aq^x-l-Bq^xx t-8q 5 x 3 — 7qqxC6q x : 
x qJ -\- qqx — qxx — x 3 |“J.Unde eft a = 3 q* 5 , b — 2q s & c 
e = q3. f=qq&c. 0 — 1=0. 0=1-=". A = — j. r=r; 
s = |. t=‘- v = o. Et his in ferie fcriptis prodit 



areii term ™ s omnibus in fine tota 

poft tertium evanefcentibus. 

PROP, VI. THEOR. IV. 

Si Curvae abfdfla A B fit z, St fcribantur R pro 
e-j-fz" +gz. 2w +hz" 3l *-|“&c. Sc S pro k+lz«fmz s " 
-^nz^&c. fit autem ordinatim applicata z^R vl S^‘ 
in a+bz» -+cz 2 * ^dz 3w Sec. Sc ft terminorum, e, f, 
g, h, St c. & k, 1 , m, n. Sec. rettangula fint. 



ek 


fk 


g k 


hk 


Sec. 


el 


fl 


gi 


hi 


Sec. 


ern 


fm 


gm 


hm 


Sec. 


en 


fn 


g» 


hn 


Sec. 



Et 
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Et ft re&angulorum illorum coefficientes nume- 
rates fint refpeddive 

„9=r. r+»A = s. t-j-A — v. Sec. 

r+/* = s. s+*=t. w.&c. 

s-|- M =t. t-|- ** = v. V-1'^W. W'|'f»-X.ScC. 

// _ ta m . «* " 1 " I Q t _ 

w-|-^ = x. y. txc. 



area Curvae erit haec 

_ — tgk 

ik- sfk-A V — s't-i.fk-n — Cfi A 

. « ^ «Q-=s'eJr* B C — s '^-j } el & — r e m a 

fRw in j_ Z *J_ 

rek 1 r+i ( ek 1 



M-i,ck 



Z 



2# 



:+ 



— v hk A 

S^D — v'g 1 

LJ — f^TyfUC — tf+i.fl a — v'fm 

» u •— s -|-2> * m — v"'e a 



r+ 3 »e It 



,z 3H -|-7 Sec. 



Ubi A denotat termini priini coefficientem data*n 
iiL cum ftgno fuo -+ vel — , B coefficientem datam 

fecundi, C coefficientem datam tertii,Sc fie deinceps. 
Terminorum vero, a, b, c, &c. k, 1 , m, Sec. unus 
yel pluresdeeflepoffunt. Demonftratur Propoiitio 
ad modum praecedentis, Se quae ibi notantur hie ob- 
tinent. Pergit autem feries talium Propofitionum in 
infinitum, 8c Progreftio feriei manifefta eft. 



PROP, 



i 



< 
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PROP. VII. THEOR. v. 

SI pro e f fzM-gz’M- &c. fcribatur R ut f upra . 
in Cuiva alicujus Ordinata zflirwjRM^r man 
quantitates date e, f, g, &c. & pro „ ac ?!f 
bantur lucceffive numeri quicunq; integri • & r 
dctur area uniiis ex Curvis qua per Ordinatas in” 
numeras fie prodeuntes defignantur fi Ordinatse font 
duorum nominum in vinculo radicis, vel fi demur 
areaduarum ex Curvis fi Ordinata funt trium no_ 
mimun in vinculo radicis, vel areas trium ex Curvis 
fi Ordinata iunt quatuor nominum in vinculo ndi 
cis, Sc fie deinceps in infinitum : dico quod dabun- 
tur area curvarum omnium. Pro nominibus hie 
habeo terminos omnes in vinculo radios tam d e - 
ficientes quam ptenos quorum indices dignitatem 
f unt in prog refiione arithmetica. Sic ordinata 

V' a ‘ t ax 5 ~|~x 4 ob terminos duos inter a 4 Sc 

deficientes pro quinquinomio haberi debet. At 

Va 4 '|-X4 binomium eft & Va^-x 4 —-*! trinonium, 

cum progreffio jam per majores ditferentias proce- 
dat. Propofitio vero fic demonftratur. 

CAS. I. 

Sunto Curvarum duarum Ordinata? pz^R*- 1 & 
q/, s 1 R- Si area? pA Si qB, exiftente R quanti- 
tate trium nominum e-J-fz^-j-gz 2 *. Et cum per 

Prop. 
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Prop. TIL fit z 9 R* area curvae cujus Ordinata eft 
fl e+J/z H jDgz 2 " in zKR^jfubduc Ordinatas Sc areas 
priores de area & Ordinata pofteriori, Sc manebit 
ge +9 fz«d 9 gz^in z K1 R K1 Ordinata nova Curvae,& 

p*p T M i “ 

— qz" 

— pA — qB ejufdem area. Pone ee = p & 
='q Si Ordinata evadet ® gz 2 * in z 5l R AI , Sc 
area z 9 R fc — aeA— afB— *«fB. Divide utramq; per 
ag'j-^g, Sc a ream prodeuntem die C, Sc allumpta 
utcunq; r, erit rC area Curvae cujus Ordinata eft 
rzM-^'R*-!. Et qua ratione ex areis pA Sc qB 
a ream rC Ordinata? R*’ 1 congruentem inve- 

nimus, licebit ex areis qB & rC aream quaitam 
puta sD, ordinata sz^+^R*’ 1 congruentem in venire, 
Sc fic deinceps in infinitum. Et par eft ratio pro- 
greffionis ab areis B Sc A in partem contrariam 
pergentis. Si terminorum aliquis de- 

ficit Si feriem abrumpit, affumatur area pA in prin- 
cipio progreflionis unius Sc area qB in principio al- 
terius, Sc ex his duabus areis dabuntur area omnes 
in progrefiione utraque. Et contra, ex aliis duabus 
areis affumptis fit regreftus per analyfin ad areas A 
Sc B, adeo ut ex duabus datis catera omnes den- 
tur. Q. E. O. Hie eft cafus Curvarum ubi iplius z 
index 8 augetur vel diminuitur perpetua additione vel 
fubduitione quantitatis ». Cafus alter eft Curva* 
rum ubi index x augetur vel diminuitur unitatibus. 



Bbb 



CAS. 







C A S. II. 






Ordinatae pz 8 '>R* Sc qzH^R*, quibus arete 
& qB jam refpondeant, fi in R-ieu e-|-fz r q-gz 2 « t j u . 
cantur ac deinde ad R viciffim applicentur, eva- 
dunt pe pfz« pgz 2 * x z^'R^ 1 Sc qez* qf z! » 
+qgz3* X z^R* 1 . Et per Prop. III. eft az&R\ 
area Curvae cujus Ordinata eft sae 
in z^R*" 1 , & bz fl d»RA area Curvae cujus ordinata 



eft /bez 1 

-in 



%fz 2 ’ 1 



£b 

-H* 



-£|bg Z 3»i in z S l R VI . Et harum qua- 

. 

tuor arearum fumma eft pA-|-qB-j- az 9 R^-bz 8 ™R* 
& fumma refpondentium ordinatarum 



ae 

+pe 







: K be 


+* bf 

T 1 ' 


+ pf 


-rwi 

-l-pg 


+ qe^. 





-2A« 



+qg 



Si terminus primus tertius & quartus ponantur fe- 
orfim aequales nihilo, per primum fiet *ie-j-pe=o 
feu p, per quartum — «b— »b— = q , & per 

tertium (eliminando p & q) "T — b, llnde fecundus 
fit ^ ff 7 4 .^ adeoq; fumma quatuor Ordinata rum eft 
z^dr'K^Sc fumma totidem refpondentium 

arearum eft a z 9 R* -)- ^ 2 fl+» R*_&aA — ' - - ^ 4 -agB. 

Divi- 
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Dividantur tee fumma: per — & fi Quotum 
pofterius dicatur D, erit D area curvae cujus ordi- 
nata eft Quotum prius z^-'R^ 1 . Et eadem ratione 
ponendo omnes Ordinata; terminos praeter primum 
CEquales nihilo poteft area Curvae inveniri cujus Or- 
dinata eft z 9 l R VI . Dicatur area ifta C, Sc qua ra- 
tione ex areis A Sc B invents funt ares C acD, ex: 
his areis C ac D inveniri poflimt alis duae E & F 
ordinatis z^R v2 Sc z^'R*' 2 congruentes, Sc lie de- 
in ceps in infinitum. Et per analyfin contrariam 
regredi licet ab areis E & F ad areas C ac D, & 
indead areas A &B, aliafq; qua; in pfogreffione fe- 
quuntur. Igitur ft index x perpetua unitatum ad- 
ditione vel fubduftione augeatur vei minuatur, & 
ex areis qua: Ordinatis ftc prodeuntibus reipondent 
duse fimpliciffimae habentur j dantur aliae omnes in 
infinitum. Q. E. O. 



C AS. III. 

* 

Et per caius hoice duos conjunctos, ft tarn in- 
dex a perpetua additione vel fubduStione ipftus \ 
quam index \ perpetua additione vel lubdu&ione 
• unitatis, utcunq; augeatur vel minuatur, dabuntur 
areae finguKs prodeuntibus Ordinatis refpondentes. 
Q. E. O 



Bbbi CAS, 




THE WARNOCK LIBRARY OctaVO 




[ i88] 



C A S. IV. 

Et fimili augmento fi ordinata conftat ex an 
tuor nominibus in vinculo radicali Sc dantur tre" 
a rearum, vel fi conftat ex quinq; nominibus & 
dantur quatuor arearum, Sc fic deinceps : dabun 
tur areae omnes qua addendo vel fubducendo nume- 
rum n indici 6 vel unitatem indici \ generari poffunt 
Et par eft ratio Curvarum ubi ordinary ex binomiis 
connantur, Sc area nna earum qua? non funt geome 
trice quadrabiles datur. Q, E. O. 

PROP. VIII. THE OR. VI. 

Si. pr o e-^r fz» gz 2 * -\-8cc . & k + lz« +inz^-U&c. 
fcribantur R & $ ut iupra,& in Curvae alicujus Or- 
dinata R*+ T u maneant quantitates date s 

5 S *■> e > f 5 §7 kj h m 7 & c - & pro ^ & V) fcri- 
bantur lucceflive numeri quicunq; integri : Sc fi 
dentur area? duariim ex curvis quae per ordinatas 
lie prodeuntesVfengiiantur ii quantitates R & S funt 
binomia, vel fi dentur a rest trium ex curvis ii R 
8 c S conjunbtim ex quinq; nominibus conftant, v& 
areae quatuor ex curvis fi R Sc S conjun&im ex fey 
nominibus conftant, 8 c fic deinceps in infinitum : 
dico quod dabuntur arese curvarum omnium. 

Demonftratur ad modum Propofitionis fuperioris. 



PROP. 




iEquantur Curvarum areae inter ie quarum Or- 
dinatse lunt reciproce ut fluxiones Abfciflarum. 

Nam contenta fub Ordinatis & fluxionibus Ab- 
lciflarum erunt aequalia, & fluxiones arearum funt 
ut ha?c contenta. 

COROL. f. 

Si aflumatur relatio quae vis inter Abfciflas dua- 
rum Curvarum, Sc inde per Prop. i. qusratur 
relatio fluxionum Abfciflarum, & ponantur Ordi- 
natae reciproce proportionates fluxionibus, inveniri 
poflfunt innumerae Curvae quarum areas fibi mutuo 
ffquales erunt. 

COROL . II. 

Sic enim Curva omnis cujus haec eft Ordinata- 
in e -j- fz"+gz 2 " 4* 8 c c.j A afiTumendo quantitatem 
quamvis pro > 8 c ponendo J=s Sc z* = x, migrat in 
aliam fibi aequalem cujus ordinata eft in 

e f x” gx 2 * See. | ** 



CO - 
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COE.OL. III. 

Et Curva omnis cu jus Ordinata e ft z 0 ' 1 i n 
a^'bz«+Yz 3 «“i-&c: x^uf z »p_g Z 2 « ^cKafTumen, 
do quantitatem quamvis pro 9 Sc ponendo » = s Sc 

z s — x, migrat in aliam iibi cequalem cujus ordinata 
“x~ in a-p bx^p- cx*-p See. xe-p lx l p-gx^f&pp 

COROL. IV. 

Et Curva omnis cujus Ordinata eft z 8 * 1 in 
a Cp. bz""-p cz 2 " p- Sc c. x eft- tz» p- gz 2 » -p 
x k -p lz" p- inz 2 " -p &.c.jp aflumendo quantitatem 
quamvis pro » & ponendo ” = s Sc z s =x, migrat in 
aliam ’ftbi £qualem cujus ordinata eft 
-j-cx 2 r -p & c. xe -\- fx v -j-gx 3 Cp &c.px 

COROL. V. 

Et Curva omnis cujus Ordinata eft z 8 ” in 
e ~p f z" -p gz 2 " -p &c.|* ponendo i~ x migrat in 

aliam ftbi aequalem cujus ordinata eft x e+ix?- 

Tax” + &c> id eft xffH^f+exf fidu ° runt 

nomina in vinculo radicis vel x ^-,p^ x g-p r x "'b ex I 
ft tria funt nomina } &ftc deinceps. 
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COROL. VI. 



Et Curva omnis cujus Ordinata eft z 9 ' 1 in 
e -pfz"-p gz 2 " -p See.)' 1 x k -plz M -p mz 2 “p- &c.p 
ponendo i = x migrat in aliam fibi mqualem cu- 

jus ordinata eft — q- x e ~ fx' M p- gx‘ 2iJ -p &c.p 

x k-j-lx- " p- mx~ 2,, -p &c.[ tJ ' id eft x jq.J +lA .| v * tft-exY 

xl-pkx’p li bina funt nomina in vmeulis radicum, 

ve! x g -p fk" -p ex 2 »| A x 1 ~p k x"/^ ft tria 

funt nomina in vinculo radicis prioris ac duo in 
vinculo pofterioris : &. ftc in aliis. Et nota quod 
areae duae tequales in uovilftmis hifee duobus Co- 
rollariis jacent ad contrarias partes ordinata rum. 
Si area in alterutra curva adjacet abfeiffoe , area 
hurt sequalis in altera curva adjacet abfeiflie pro- 
dudta. 

COROL. VII. 

Si relatio inter Curvae alicujus Ordinatam y Sc 
Abfciflam z detiniatur per aequationem quamvis 
fettam hujus forma?, y« in e -p fy^p gy 2w z 2 ^-p hy 
4' occ. ■= 7 ? in k ly’z^ + my 2 »z 2j ' p- See. ha?c 
figura allumendo s = x=iz’&>.=J£ migrat 

ia aliam ftbi sequalem cujus Abfciftfa x, ex data 

Ordinata 
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Ordinata v , determinatur per squationem non 
affeftam {v*» x e-j- gv*» q- liv« q- Scc.W xT+iiT' 

.d-mv 2 "-!- &c.|-‘= x . 

COROL. VIII. 

Si. r ^ lat ‘° ' nter Curvae alicujus Ordinatam y & 
Ablcifftm z definitur per scqnatio nem quamvis 
aftedtam hujus torma?, y* in e-j-fy^q-gy^z^ 

= ?A ln k 4~ h" 2 * -\-?? in p^qyV 

-1- i 7 2,, z 2J '+&c. hsec figura affumendo $ = ^ x - V 

M - Sc migrat in aliam fibi squalem 

cujus Abfdfla x ex data Ordinata v determinatur 
per aequationem minus afte&am v tt in e + fv»4- gv i 

Hr & c - = SR** in k + tv" mv* ~|- &c. q~ ? K > in 
p-j-qv q- rv 2 " &c. 

COROL. IX. 

Curva omnis cujus Ordinata eft j n 

:|- 2 .g zi * i- &c - x e f z» -f- x 

| a -\- b |ez' +izH'. -p gz'l * -p 11 fit 9 = »i & 

aftumantur x — ez' fz^"" -(- gz’t 3 " -|-&c.| , 9 =\ 

Si. * ~ in, migrat in aliam libi sequalem cujus -’ordi- 
nata eft x* xa-q-bx ff | *. Et nota quod ordinata prior 
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In hoc Corollario evadit fimplicior ponendo k = i , 
vel ponendo t = i Sc efficiendo ut radix dignitatis 
extrahi poffit cujus index eft », vel etiam ponendo 
- 1 & * = i = t =3 ff ==*. , ut alios cafus praete- 

ream. 

COILOL. X. 

Pro ez* 4- fe-*H -j- gz’A 2 " Sec. ^ez ’’’ 1 
■ 2 gz^ 1 + Sec. k q- Iz« -j- mz 5 * q- &c. Sc dz- 
q- oiimz grl 4 -& Q f feribantur R, r, S & s refpe£Hve, Sc 
Curva omnis cujus ordinata eft TrSr-fr * Rs in R*' 1 S**' 1 
x aS u q- bR r | , ft fit a* = t = £ , i = <r , ^ , 

& R* Sp =■ x, migrat in aliam fibi sequalem cujus or- 
dinata eft x a-^bxH". Et nota quod Ordinata 
prior evadit fimplicior, ponendo unitates pro t, v y 
Sc * vel //, Sc faciendo ut radix dignitatis extrahi 
poffit cujus index eft vel ponendo • = — i vel 



PROP. X. PROB. Ill 



Invenire figuras fimpliciffimas cum qulbus Curva 
qutevis geometrice compari poteft, cujus ordinatim 
applicata y per aequationem non affe&am ex data ab- 
feifta z determinatur. 
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C A S. I. 

Sit Ordinata az fl ' 1 , 8e area erit e l az s , ut ex Prop V 

ponendo b = o=c = d = f=g = h& e = i, facile col-' 
hgitur. 

CAS. II. 

i . £ ■ \\ * > 

Sit Ordinata az®' 1 x e-J^fz* gz 2i j w J- See. & fi 

curva cum figuris re&ilineis geometric* comparari 
poteft, quadrabitur per Prop. V. ponendo b^ 0 =e 
;=d. Sin minus convertetur in aliam curvam fibi 
aqualem cujus Ordinata eft x e«pt)c*q-gx*&:c.| A ' i 
per Corol. %. Prop. IX. Deinde ft de dignitatum 
iadicib,usfe& p e r p rop . vil. rejidantur uni- 
tates donee d'ignitates ills fiant quain minima, de- 
venietur ad figuras fimpliciffimas qua: hac ration? 
colligi poftunt. Dein liarum unaquaq; per Corol. 5. 
Prop. IX. dat allSm qua: nonnunquam fimplicior 
eft. Et ex his per Prop. 111 . & Corol. y Sc jo, 
Prop. IX.. inter fie collatis, figure? adhuc fimpliciores 
quandoo; prodeunt. Deniq; ex figuris /implicit 
fimis afifumptis facto regreffu computabitur area 
quafita. 



CJS. 



C 3 

C A S. III. 



Sit Ordinata z 9 ' 1 x a -f. bz» -j- cz 2 " -|- Sec. 

* e fz" + gz 2 " See.]*' 1 , Sc hac figura fi quadrari 
poteft, quadrabitur per Prop. V. Sin minus, di- 
ftinguenda eft ordinata in pa rtes zh x a x e fz« 
q- gz 2 * 4- Scc.p- 1 , z 9 ' 1 x bz B x e fz» -hg z 2 "-|-&c.j*' r . 

See. & per Caf. 2. invenienda funt figura fimpli- 
ciffima cum quibus figura partibus illis relpon- 
dentes comparari poflimt. Nana area figurarum 
partibus illis refpondentium fub fignis fuis + Sc— ~ 
conjunSta component aream totam quafitam. 

CAS IV. 

J X itJu -J r iJX •* * X ~V ■ • 1 v '■ * f xs 

Sit Ordinata z Sl x a "■+■' b z» -ft cz^^ScF . * 
e-\~ fz" gz 2 » Scc.H x k i- 1 z M -^mz^d-Sccj t^ 1 : 
Sc fi Curva quadrari poreft,quadrabitur per Prop. VI. 
Sin minus, convertetur in fimpliciorem per Corol.4. 
Prop- IX. aC deinde comparabitur cum figuris fim- 
pliciffimis per Prop. VIII. Sc Corol. 6, ^ & 10. 
Prop. IX. ut fit in Cafu 2 Sc 3. 

C A S V. - 

Si Ordinata ex variis partibus conftat , partes 
fingula pro ordinatis curvarum totidem habenda 
lunty& curva ilia quotquot quadrari poffunt,figilla* 

Ccc 3. tim 




K> H 



[ xp <5 ] 

tim quadrand® funt, earumq; ordinatae de ordinal- 
t°ta demends. Dein Curva quam ordinatae 0ai ! 
refidua defignat leorfim ( ut in Cafu a, 3 x 
cum figuris fimpliciffimis comparanda eft ’cum qui 
bns comparari poteft. Et fumma arearum omnium 
pro area Curvs propofit® habenda eft. 



COROL. I. 



Hinc etiam Curva .omnis cujus Ordinata eft ra- 
dix quadratica affeda aequationis fuse, cum figuris 
fimpliciffimis feu redilineis feu curvilineis conn 
pari poteft. Nam radix ilia ex duabus partrbm 
femper con ft at qua feorfim fp eclats non funt squa- 
num radices affed®. Proponatur squatio aayy 
r\r zzyy = aa 3 y *z 3 y-z 4 , Sc extra da radix erit 
■ a 3 4- z i+ aVa^-j-'az*— z 4 cujus pars rationalis 

y ' ~ aa^pzi 

aq+zq o • .. .. aVa 4 -|-aaz 2 ~^ , 

aa+ 2 z & pars irrationalis funt 

ordinat® curvarum qu® per hanc Propofitionem 

vel quadrari pofiunt vel cum figuris firapliciftimis 

comparari cum quibus collationem geometricam ad- 

mittunt. 
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dVatur per hanc Propofitionem ft quadra ri poteft vel 
comparatur cum figuris fimplici minis cum quibus 
compari poteft. Et hac ratione Curva omnis quadra- 
tur cujus ®quatio eft trium terminorum. Nam ®qua- 
tio ilia fi affedda fit tranimiitatur in non affedam per 
Corol.7. Prop.IX. ac deinde per Corol. 2 & 5. Prop. 
IX. in fimplicffimam migrando, dat vel quadratu- 
ram figure fi quadrari poteft, vel curvam fimplicif- 
fimam quacum comparatur. 

COROL . HI. 




Et Curva omnis cujus Ordinata per cequationem 
quamvis affedam definitur qu® per Corol. 8. Prop. 
IX. in aequationem quadraticam affedam niigrat; 
vel quadratur per hanc Propofitionem & hujus Co- 
rol. 1. fi quadrari poteft, vel comparatur cum figu- 
ris fimpliciffimis cum quibus collationem geometri- 
cam admittit. 

SCHOLIUM. 

Ubi quadrand® funt figur® ; ad Regulas halce 
generales femper recur rere niinis moleftum eftet : 
prsftat Eiguras quae fimpliciores funt & magis ufui 
effe poffunt femel quadrare & quadratur as in Ta- 
bulam refer re, deinde Tabu lam con filler e quoties 
ejufmodi Curvam aliquam quadrare oportet. Hu- 
jus a litem generis funt Tabulae duae fequentes, in 
quibus z denotat Abfciffam, y Ordinatam redan- 
H gulam 



"Sil 



H ' 

1 

|. 
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gulam & t Aieam Curvae quadrands, & d e f „ 
k- I? lant quantitates data; cum (ignis iuis-j- & J/ 



tabula 

C urvammfmpliciorum qua quadrari poffum. 

Curv-arum forma'. Curvarum area. 

Forma prima. 



dz®- 1 = y. 
Forma fecunda. 
dz"" 1 " 

ee-^2fcfz, r i-ftz2 — y • 

Forma tertia. 



:z” - 1. 



. — d 

„«H-„efz a - t, vel - r - 



1 . dz. " V e fz« = y . ^ R 3 — t, exiftente R = VeftAz* 

2 . dz??Ve+fS=y. dR ! = r. 

3 . dz ■ r "aJ MW 3R=t 

4. dz«Ve+fz" = y . = ^ 



Forma quarta. 
dz"' 1 



i U vi 



I. 



,/e-l-fzij 

dz 2flI 



2d 

»f R = t. 









- y- 



— 4H-2fz» j -n j_ 

— 5jrdK = t. 



C 199] 

itfee— 8efz B -j-Sffz2, t 



— 96e3-|-43eefz M — 3<5effz2 f r]'3cf3Z3 H 

y* ~ — — ~ — ’4R=f. 

TABULA 

Curvarum fimpliciorum qua cum LUipfi 
Hyperbola compari pojfunt. 

Sit jam aGD vcl PGD vel GDS Se&io 
Conica cujus area ad Quadraturam Curvse pro- F & 5A?> S - 
politse requiritur, fitq; ejus centrum A, Axis Ka, 

Vertex a, Semiaxis conjugate AP, datum Abfciife 
principium A vel a vel «, Abfcifla AB vel aB vel 
*B = x, Ordinata redangula BD = v, Sc Area 
ABDP vel aBDG vel^BDG^s, exiftente a G Or- 
dinata ad pundum *. Junganttir KD, AD, aD. Du- 
catur Tangens D'l occurrens Abiciffce AB in T 
& eompleatur parallelogramrnum ABDO. Et 
fiquando ad quadraturam Curvae propofitae requi- 
runtur area; duarum Sedionem Conicarum, dica- 
tur pofterioris Abfciffa % Ordinata r, & Area V 
Sit autem differentia duarum quantitatum ubi in- 
certum eft utrurii posterior de priori an prior de no- 
fteriori fubduci debeat. 



dz 3lH 

^ i/e-Yfz'n 

dz 411 ' 1 __ 



Curva- 
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Forma feptima. 
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In Tabulis hifce, feries Curvarum cujufq; form® 
utrinq; in infinitum continuari poteft. Scilicet 
in Tabula prima, in numeratoribus a rearum for- 
mX teitiae & quart®, numeri coefficientes initialium 
terminorum (2,— 4, 16,-96, 868, &c.) generan- 
tur multiplicand o numeros — 2,-4, -—6, — 1 o,&c. 
in fe continuo, & fubfequentium terminorum coef- 
ficientes ex initialibus derivantur multiplicando 
ipfos gradatim, in Forma quidem tertia , per — % 

— g & c - in q uai : ta vcro m > 

j # — l , — ’ o , &c. Et Denominatomm coefficientes 

15, 105, &c. prodeunt multiplicando numeros 
1’ 3, 5, 7, 9, &c. in ie continuo. 

In fecunda vero Tabula, feries Curvarum form® 
prim®, fecund®, quint®, iext®, non® & decim® ope 
folius divifionis, & form® reliqu® ope Propolitio- 
nis terti® & quart®, utrinq; producuntur in in- 
finitum. 

Quinetiam h® feries mutando lignum numeri 
variari folent. Sic enim, e. g. Curva ~y/c-\- fz fl — v, 
evadit -A-A/f+iii: 



d 



PROP. IX. THE OR. VIII. 



'Sit ADIC Curva qu®vis Abfciffam habeas 
AB =z & Ordinatam BD=y, & fit A E K C Curva 
alia cujus Ordinata BE ®qualis eft prioris are® 

ABC 
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ADB acl unitatem applicat*, &AFLC Curva. 
tertia cujus Ordinata B F aequalis eft fecund* area; 
AEB ad unitatem applicat*, & AG Me Curva 
quarta cujus Ordinata BG *qualis eft terti* are* 
AFB ad unitatem applicat*, ScAHNC Curva 
quinta cujus Ordinata BH *qualis eft quart* are* 
AGB ad unitatem applicat*, & lie deinceps in 
infinitum. Et funto A, B, C, D, E, &c. Are* Cur- 
varum Ordinatas habentium y, .zy, z‘y, z J y, z«y, 
& Abfciftam communem z. 

Detur Abfciffa quaevis AC=t, fitq; BC=t z 

,== x 5 & iunto P, Q, R, S, T are* Curvarum Ordi- 
natas habentium x, xy, xxy, x*y, x 4 y & AbfcilTam 
communem x. 

Perminenter autem h* are* omnes ad Abfciffam 
totam datam A C, nec non ad Ordinatam pofitione 
datam & infinite product am C I : & erit arearum 
tub initio pofitarum prima ADIC=A=P, fecunda 
AEKC“tA — B=Q.Tertia AFLC - 
Quarta AGM = # Quinta 



AHNC -t- E r 








Uiide ft Curv* quarum Ordinata' funt y, zy, 
z l y, z 3 y, &c. vet y, xy, x’y, x ? y, &c. quadrari 
poflimt, quadrabuntur etiam Curv* ADIC, AEKC, 
AFLC, AGMG, &c. & habebuntur Ordinata BE, 
BF, BG, BH areis Curvarum proportionates . 

SCHOLIUM. 

Quantitatum fiuentium fluxiones effe primas > 
fecundas, tertias, quartas , aliafq; diximus fupra. 
Hce tluxiones funt ut termini ferierum infinita- 
rum convergent um. Ut fi z»fit quantitas fiuens & 



fiuendo evadat zA~o|% deinde refolvatur in feriem 
convergentem z n -\-no7^ 1 -\~~-ooi r2 -j~ w 3 -~ 3ilw 6 +2tf Q ’z >t ' 3 

-j- Sec. terminus primus hujus feriei z 1 ' erit quan- 
titas ilia fiuens, iecundus aoz 11 " 1 erit ejus incremen- 
tum primum feu differentia prima cui nafeenti pro- 
portionalis eft ejus ftuxio prima , tertius ~ oz ,|_2 
erit ejus incrementum lecundum feu differentia fe- 
cunda cui nafeenti proportionalis eft ejus fiuxio 
fecunda, quartus ~ 4 ~ — o 3 z r3 erit ejus incremen- 
tum tertium feu differentia tertia cui nafeenti 
fiuxio tertia proportionalis eft, &; fie deinceps in 
infinitum, 

Exponi 
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Exponi autem poffunt haefluxiones per Curvarum 
Ordinatas BD, HE, BF, BG, BH, &c. Ut r 

Ordinata BE (=^) fit quantitas fluens , erit 
ejus fluxio prima ut ordinataBD. Si BF (— AEt ^ 

fit quantitas fluens, erit ejus fluxio prima ut Or- 
dinata B E Sc fluxio fecunda ut Ordinata B D. Si 
B H (— ) fit quantitas fluens, erunt ejus fluxio- 



nes, prima, fecunda, tertia 8c quarts, ut Ordinata 
EG, BF, BE, BDrelpetVive. 

Et hinc in aequationibus quae quantitates tantum 
duas incognitas involvunt, quarum una efl quan- 
titas uniformiter fluens Sc altera efl fluxio quselibet 
quantitatis alterius fluentis , inveniri poteft fluens 
ilia altera per quadrature m Curvarum . Expqnatur 
enim fluxio ejus per Ordinatam B D, 5c fi here lit 
fluxio prima, qu&Tatur area ADB=BExi, fi 
fluxio fecunda , qureratur area AEB = BPxi, fi 
fluxio tertia, quseratur area A F B = B G x i , Sec. 
& area inventa erit exponens fluentis qusrfita. 



Sed -Sc in aequationibus qus fiuentem 8c ejus 
Auxionem p r imttTfi fin e altera fluente , vel duas 
ejufdem fluentis fluxiones, primam & fecundam, 
vel fecundam & tertiam, vel tertiam ^ Sc quartarn. 
Sec. fine alter utra fluente involvunt : inveniri poi- 
funt fluen tes per quadraturam Curvarum. Sit 

aequatio aav = av vv , exiftente v = BE, 
v =BD, x — AB 8c 2 = 1 , Sc aequatio ilia com- 
jplendo dimenfiones fluxionum, evadet aav = avz 
'M wz, feu ^ W fluat v uniformiter & 




[20p] 

fit ejus fluxio r'=i &etit;^=z, & quadrando 
Curvam cujus Ordinata eft & Abfciffa v, ha- 
bebitur fluens z. Adhaec fit aequatio aav=avfl-vv 
exiflente v— BF, v=BE, v — B D & z=*A B & 
per relationem inter v & v feu BD & BE invenie- 
tur relatio inter A B 8c B E ut in exemplo fuperiore. 
Deinde per hanc relationem invenietur relatio in- 
ter A B & BF quadrando Curvam AEB. 

iEquationes quae tres incognitas quantitates invol- 
vunt aliquando reduci poflunt ad aequationes quae 
duas tantum involvunt, 8c in his cafibus fluentes 
invenientur ex fluxionibus ut fupra. Sit aequatio 
a — bx m =cxy»y'f dy 2# yy. Ponatur y«y=v & erit 
a — bx m cxv-j-dvv. Hsec aequatio quadrando Cur- 
vam cujus Abfciffa eft x 8c Ordinata v dat aream 
v, Sc aequatio altera y«y=v regrediendo ad fluentes 
flat A-y^ 1 — v. Unde habetur fluens y. 

Quinetiam in sequationibus quae tres incognitas 
involvunt Sc ad aequationes qu$ duas tantum in- 
volvunt reduci noil poffunt, fluentes quandoq; 
prodeunt p er quadraturam Curvarum. Sit aequatio 
a x m + b xf = r e x r ' : y s -|-se x r y y** 1 — fyy c , exiftente 

x = i . Et pars pofterior r e x ( ' r y s - j-s e xr y y 5 " 1 — fy y^ t , 
regrediendo ad fluentes, fit exry s — _JL y^rq q UCC 

proinde eft ut area Curvse cujus Abfciffa eft x Sc 
Ordinata ax ra l-bxf, & inde datur fluens y. 

E e e Sit 
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Sit aequatiox * a x m -j- bx*j p = — ■ y>t - Et fl u 

. v c i~tyw 

c u jus fluxio eft X X ax m i-bxf erit , ut area Curv£ 
cujus AbfciiTa eft x & Ordinata eft Tx™ bv> 
Item fluens cujus ttuxioeft ^•«5t ut area Curvj 

cujus AbfciiTa eft y & Ordinata - yy — id 

f r* r -p V e i f y « 7 

V per Ufum 1 . Forma? quart* Tab. I.) ut area 
^•Ve J t-Ty»-. Pone ergo sequalem are* 

Curv* cujus Abfcifla eft x 8c Ordinata ax m ( ^ bx^ 
8c habebitur fluens y. 

Et nota quod fluens omnis quee ex fluxione prima 
colligitur augeri poteft vel minui quantitate quavis 
non fluente. Quae ex fluxione fecunda colligitur 
augeri. poteft vel minui quantitate quavis cujus 
fluxio fecunda nulla eft. Quae ex fluxione tertia 
colligitur augeri poteft vel minui quantitate quavis 
cujus fluxio tertia nulla eft!* Et lie demceps in in* 

flnitum. 

Poll qu am vero fluentes ex fluxionibus collects 
lunt 5 fi de veritate Condufionis dubitatur, fluxio- 
nes fluentium inventarum viciflim colligend* font 
& cum fluxionibus fub initio propofltis comparand®. 

Nam A prodeunt equates Conciufio rede le ha- 

bet: 



P&g 2/1. 



Ill 
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tty ViH 

— — I 

v'FRyii 



Et fluens 



erit 'Ut area Curv a 
fa eft ax" bx«j p . 



■ erit ut area Curva? 

V ^ a eft 
Tab. I. ) ut area 
fy" aequalem areae 
■dinata ax m J- bx H l ? 



£ ex fluxione prima 
i quantitate quavis 
fecunda colligitur 
itate quavis cujus 
ex ftuxione tertia 
i quantitate quavis 
fie dein ceps in in- 



uxionibus colle&s 
dnbitatur, fluxio- 
n colligenda? funt 
lofitis comparand#. 
:lufio re<5te le ha- 
bet: 
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ERR J T A. 



P : , BOOK I. Of Optkk*. 

Art I, p. 3 . 1.20. Properties which, ib.p.^. l.<j. and that C, p . 5 . |,o. DE, p.21 l s, 
are two s, p.27. 1 . 6 . in the Margin put Ft g.i 4 & i<, p. jo.b?. A&.l 0 m b 3 ' 
44 - l-.M- xwvpropfed, p.52. !- 1 7. WC/ 4 , 

mww tfc, p.64. 1.18. mi i 4 t h, p .65. i.13. « rfc, p.66. p fiV 

J.2 5 .c ei wer, 1.3 1. 4 | Jfeto, p. 68 . 1 . 8 . to 16, l 9 . o, s ±, p. 7I .U .bifid, 
falls, I.20. being. p ar t II. p.86. 1.5. hlopipede, p.89. i.p. made t$, p.93. 1,18. w 7 -j. 
1.28,29, by the third Axiom, of tbef.rfi Fan of thh Booh, the Lam, p.>oc. J.*. r ee „J* 
fenud, p. H 4 - 1 . 24 ,-|, 4, A, , A, A, ?. 1 M* 8 , n 9> for iife.i. i& 2 . S 

Pdn i. Pdrt2. p.122. 1,9. wdico, p. 130. 1.1 9. w r/;s Angle, p.132. 1.6. by the bright - 
r.efs, p.135. 1.14. Far if in the, l.l6,frji Fart you, p. 13 6. L26. firfi Part, L27. light 
p.137. 1.20. green, accordingly os, p. 138. 1 . 2 I. Prop. 6 . Fart. 2. p.139. l. ? . c » 

$*142 A a j. XT which have been, p.143* 1 .7. purple, Li&Jraftzf 1.24.0/**^/ 

BOOK, II. 



P,<;, L 5 .wzVe/y tk,p, 7* 1.9* jr, %'demte, L28, them divers#. 10 . L 24, iqqq to 1024 
p.ii.l.11. oliquims,L p* 17* 1*4. 14 j to 9, p. 25. 1. 11. 1 of y p.31. L 12. cm* 
founded, p-5^. fi%es rofieS, L24. and therefore their Colours wife, p^. torpuf- 
des can, p.yiA.tj. given breadth, p,§ 4 ‘ 1*4 *are tothofe, p. 96. I. 24, Qhfervmon of 
this Pan fifth# Book, pa 05. 1 , 1 7* was to the thkknefs, p. 105* 1 * 19, of this white Sting, 
p.107, L20, become equal to the third of thofe . 



Enumeratio Line arum. 

p, 143*1,20. daws figpisfms, p, 144. 1.27. refpkimt, p* 14^* i *<$* funt dfjmpxoto, p. 
154. 1.13. cx-'fd dat Qrdimimy ~ , I.14. qmgemmur* 



Quadrature Cur varum. 

pa6S.L24*r^4^B,pa76*l*Elt* ^ e,fg^c. k y l t m f 

£?r. p. 185. 1*4. in zfl-ii p.x88. U14. £ 0 .±#ffv P« 190. 1 . 19* y 1 " Fla* 
p. 192. 1. 18, p»X93i Lll. aStrfbR^ 61 * 
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